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DISCOVERY AND EARLY HISTORY OF THE 
POSITIVE ELECTRON 


By Dr. KARL K. DARROW 


REI ELEP 
NEGATIVE electrons have been known 
by now for close on forty vears. In 


this brief period they have been found 
held ae 
phenomena. It 
fact, attested 


in almost every situation and 


countable for almost all 
eertain and familiar 


Is a 


daily by the working of countless mi 
lions of technical devices which depend 
upon it, that they can exist and travel 
freely in a rarefied gas or in a 
Metals are believed to be full of 


vacuum 
freely 
circulating past 
Negative 


electrons are thought to be responsible 


wandering electrons, 


and even through the atoms 


for almost every emission or absorption 
or seattering of light. 
of every 


They are a part 


and therefore one 


of the elements of every recent physical 


atom-model 


image of the world. 
During all these vears of the ubiquity 
} | : 
of its negative counterpart, the positive 


electron has been ‘‘conspicuous by its 
For twenty years at least it 
that 


it has been taken for 


absence.’”’ 
has been taken almost as a dogma 
no such thing exists ; 
granted that positive charge never ap 
pears in nature and must never appear 
in an atom-model, unless it is loaded 
down with a mass more than a thousand 
that of an electron 
Dirae 


own to 


times as great as 


Two vears ago the theorist Was 


euided by theories of his con 
ceive the positive electron, but no one 
had the 
eventually found, 


I know was looking for it. 


foreseen way in which it was 


and no one so far as 
It arrived as 
a by-product of the study of cosmic rays, 


HONE 


LABORATORI 


thus addline nel re lnstanes 
already long of great discoveries isu 
ally made during researches otherwis 
intended 

In the course of a big progral I 
cosmic-ray research which Millika 
organized, C. D. Anderson was usil 
the expansiol chamber o1 a mp 


of C. T. R. Wilson to observe the paths 
f ionizing particles belonging to these 
rays. Millikan and Anderso: 
the first to do this. Others had already 
photographed the 
which these particles leave behind then 
Skobelzyn’s is the earliest name to bi 
mentioned in this connection) and had 


furthermore observed that in a moderate 


magnetic field these tracks are her 
very slightly curved or not sensib 
curved at a Ss that the rpuseles 
which make them must be very fast 
Anderson, however, ma mportat 
innovations 

Previous|\ everyb ay ii sel inp the 
expansion-chamber wit S aXIS Vé 
and its breadth horizontal, w s the 
most convenient way Be it remembered 
that this chamber is a broad short « ! 
der filled wit r or some other gas ts 
upper end closed by a transparent plate 
of class. its lower end by i movable wa 
which is the head of a piston When the 
piston-head is suddenly pulled back 
through the proper distal 1 matter 
of careful adjustment) and the gas ex 


pands to the proper decree. the n sture 
in the gas 


‘or? denses upol 
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there are; and in ideal conditions each into the chamber a leaden plate, of a 
droplet f water is the investiture of | thickness of several millimeters 

some ionized atom or molecule, and Many of the ionizing particles of tl 
every 10n Is Clotl ed in a visible particle cosmic rays have so great a momentun 
of mist. Long lines of these visible par- that they are able to pierce through eve 
ticles mark out the paths of all the ioniz- such a barrier with no measurable defle 
ing particles which have traversed the tion (Fig. 2 Often indeed they a 
chamber shortly before the expansion moving so tremend ISiv Tast that evel 
Now in the commoner kinds of exper! in a strong magnetic field their tracks 
ment with Wilson’s chamber, the ioniz- seem perfectly straight on both sides of 
ing particles proceed from some sort of such a plate Anderson, however, had 


laboratory source, a piece of radium, for a magnetic field exceptional both for 


instance, which can easily be set in the strength and for extensiveness, and a 
same horizonta plane as the rest of the chamber of corresponding breadth the 
is parallel to the axis 


apparatus; and then it is convenient to field, of cours: 


have the axis of the chamber vertical and perpendicu ar to the cover-plate ol 
Fig. 1), for the rays traverse the en- the chamber) ; and now and then he ob 
tire width of the cas beneath the cover served a track which traversed the plate 
plate glass But the ionizing particles and was more strongly curved on on 
side thereof than on the other (Fig. 3 


liree 


of the cosmic rays mostly move in 


tions close to the vertical, and evidently Consider any such a track. The ec 
° . " , . 

the traditional orientation is a very poor puscle which made it must have bee 

\ magnet fhe : | nas the tl yf ( rg 


part e moving, ng 


one for observing these. Anderson ae 


cordingly turned the whole apparatus 
. motion, perpendicular to its own direction; 





on its side, so that the breadth of the faster the particle. the less the curvature. TI 
chamber should le in a vertical plane; undeflected particles of Fig. 2 and similar p 
° + . ty > might coneeivah have heen *harved 
and this is now the universal practise in ‘tures migh neeivably n uncharged 
. . . : . but from all we know it is extremely unlikely 
cosmic-ray research Such was the first ss : ; ; 

: : . ; ; that an uncharged particle would nize suff 
of Anderson's innovations; but the see ciently many atoms of the gas to make so 
ond and greater one consisted in fitting — spieuous a 

a 
<a e = 
if 4 
——_— > —$\e C 
. TO PUMP 
c TO GAUGE he 
— — —— 
FIG. 1] A WILSON EXPANSION—-CHAMBER 
(Fro ( rn. W SON ’S ORIGINAL SKETCH WHEN THE VALVE B IS OP 
THE GLASS PLA UNDER A RUSHES INTO THE EVACUATED BULB C, AND THE PLATE DROPS ONTO 


THE BLOCKS D, INCREASING THE VOLUME OF A 
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SEE — 
| ( CO ry 
‘ | ‘ 
(ND So 
ing Trom the side where the curva 


ure is less and the speed consequently 
vreater, to the side 
s greater and the speed consequentl) 
SS Otherwise we should have to as 
ime that the corpusecle had picked up 


pera’ a great deal of energy. tens of 


millions electron-volts, indeed—in 


passing through the lead: and this seems 


1 


nadmissible Such a pieture therefore 


fixes the sense in which the corpuscle de 
scribed the track: and this fixing of the 
sense is not a trivial matter at all, but 

the utmost importance; for with 11 


e observer can tell from the picture 


and from his knowledge of the mag 


netie field whether the corpuscle was 
positive or negative. and with uit if he 
‘an not 


August, 1932, Ander 


son had a great piece of luck: he oper 


On the second of 


ated his expansion chamber at just the 
right moment after the passage of a pat 
ed to be 


chamber one must 


ticle, which by This Test was pro 
A Wilson 


always remember, is not continuously at 


positive 
work ; quite the contrary : it detects suc] 
particles as pass during the one or two 
hundredths of a second just before an 
expansion, and then a period of minutes 
or at best a large fraction of one minute, 
In the 


n ust elapse hefore it Can resume 


where the curvature 
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han electrons a 
ns especla 
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‘ould have bee) 
however re ruled 
the appearance 
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an illustration may be seen in Fig. 7. 
Now the famous track which Anderson 
observed was definitely of the thin and 
furnished with 
experience 


slender type, scantily 
droplets; and any one of 
would say on looking at it, ‘‘ Here is the 
track of an electron! ”’ 

This by itself is not conclusive, for ac- 
cording to theory a proton moving with 
much greater than any 
the laboratory—would 


enormous speed 
yet attained in 
likewise produce a thin and scanty track. 
Here. however, the curvature of the path 
bears testimony. So fast a proton would 
not be so much deflected in this mag- 
netie field; and we ean state as a fact of 
experience that if a proton or an alpha- 
particle in such a field had left behind it 
a trail of such a curvature, that trail 
would have been much fatter and thicker 
than the one which Anderson observed. 
Not only would it have been thicker, it 
would also have been much shorter; for 
the massive particle would have squan 
dered its energy so rapidly in forming 
ions that its course would have come to 
an end in five millimeters, whereas the 
actual path on one side of the plate in 
Fig. 3 is five centimeters long. 
Anderson’s particle was therefore 
much more like an electron, in every- 
thing but the sign of its charge, than it 
was like a proton or an alpha-particle. 
Now How 


rately can we estimate its charge and its 


the question arises : accu- 
mass from the length and the appear- 
This, as one can read- 
theo 
It will always be an 


ance of its track? 
ily imagine, is a very intricate 
retical problem 
important problem, but luckily it is not 
so urgent as it used to seem; for Thibaud 
has succeeded in applying one of the 
classical deflection methods of measuring 
charge-to-mass ratio, and it is altogether 
likely that eventually we shall have as 
accurate a value of this ratio for positive 
as we do for negative electrons. Thi- 
baud thus far has published only the 
statement that the two values are of the 
same order of magnitude; one of his col- 
leagues assured me that the value for 


positive electrons is almost certainly be- 
tween one half and twice, and quite cer- 
tainly between one tenth and ten times, 
that for the negative electron. This is 
already a great advance over the previ- 
ous estimates, and an important result 
in itself; the ratio for the next lightest 
of positive particles, the one hitherto 
supposed the lightest of all, is only 
.0054 as great as that of electrons 

We now 


particle, probably the most famous in- 


take leave of Anderson’s 
dividual corpuscle in the history of phys- 
ies; one wishes it were preserved in a 
museum, but of course Anderson could 
not eapture it, 
haps suppose that it no longer exists; 


and alas, we must per- 


for according to many theorists, it must 
long since have merged with a negative 
electron and vanished into light. The 
scene now shifts to the Cavendish Lab 
oratory, where Blackett and Occhialini 
were also studying cosmic rays with an 
expansion-chamber lying on its side. 
They had done what every one at Monte 
Carlo would like to do; they had con- 
trived not to make any bets, not to wager 
the price of a single photographie plate, 
excepting at moments when there was a 
far better than average chance of draw 
ing a prize. This they achieved by set 
ting up a pair of Geiger counters, one 
on each side of the cloud-chamber, and 
a mechanism so contrived that the cham 
ber would expand when and only when 
both of the counters should react at the 
same or nearly the same instant. Such 
a coincidence might mean that a single 
ionizit through 


} passed 
both the counters: 


4 particle had 
if so, its track would 
appear in the cloud-chamber lying be 


tween. Or again it might mean that 


somewhere in the neighborhood there 
had been a sort of atomic explosion, with 
ionizing particles hurled in all direc- 
tions; in which case, some of these might 
pass through the cloud-chamber itself. 
In fact photo- 


graphs such as Fig. 4, showing what they 


they got a number of 


eal] by the well-chosen name of **show- 
ers’’: bursts of many tracks, all radi- 
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= FIG. 4. A COSMIC-RAY ‘‘SHOWER’’ OF SOME 16 TRACKS 

de. PHOTOGRAPHED FROM TWO VIEW-POINTS. THE TWO 

nte ARE D O PO ey CTRONS BLA oO 

on- | | 

rer ating from a single point which gener had waited for the cosmie rays to fw 
Ben ally lies somewhere in the mass of meta aie. thom with wesitive elect: 

ve surrounding the chamber. There are now they bega 

ithe many interesting features of these show duce these at v and this r 
is ers: but we are here concerned with o ly tance was not far bel 2 the die 

“a one—the occurrence of tracks which itself. Chadwick and Blackett and O 
oo have the peculiar aspect and appearance’ chialini were the first to m: 

. of electron-tracks, and some of which are :? an erude a word may be per 

ani curved one way and some the other the positive electrot } aps 

“~ ) This might mean that some negative elec wall of the Wilson chamber 

+} trons are shooting out from the radiant a piece of ber n eX] 

ile point and some are shooting in; but it bombardment by the alpha-ravs 
wh } is surely one of the most deep-seated of polonium; this, as had been ¢ 

ld human convictions that when tracks are only a little earlier, is a ‘‘so 
i seen to diverge from a common point, which both neutrons and 

, i J the objects which made them must have photons are continually be 

- traveled outward and not inward, unless I will denote it by the symbol ‘‘ Po + Be 
a for one which may have provoked the which is becoming the usage in F 

wo flying-asunder of the rest. Or,as Ander- Just inside t : 

nt | son puts it: It is not likely that such a lead Wis clnte wen we ohatnek 

7 lot of particles would have an appoint creat majority of the neutrons 

“ | ment to meet at the same place at the pl otons: n 

Y same time! We therefore conclude from lead, and at t expansions 

®) these pictures that electrons of both the served that cloud-tracks sprang fort 
w- signs sprang out from these explosions. from the metal, and that they 


Thus far, Pasadena and Cambridge specific appearance of electron-tracks 























SHOWER 


NEGATIVE ELECTRONS 
ANDERSON 
and that some of them 
way in the magnetic field and some the 
Just the same thing was shortly 
thereafter Meitner 
Philipp in Dahlem, exeept that they had 
the cham- 


other 
observed by and 
the source **Po Be’ within 
her tself enclosed lia capsule ol brass 


At the 


tracks 


expansions they found electron 
the 


some of these were curved one way and 


arising from eapsule, and 
some the other 
The pictures thus imply that electrons 
of both signs are expelled from lead or 
the the ‘‘Po Be”’ 
Still, it may be contended that 


TO he 


brass by rays of 
source 
what appear tracks of positives 
coming forth from the metal are really 
negatives coming from the far 


the 


t racks ol 


side of the chamber or out of vas 


itself and plunging into the metal. In 


view oft the other evidence for positive 


probably seems a far 


elect rons, 


fetched idea; but there is nothing in 


trinsically ineredible about it, and if 


there were no other evidence, it would 
be the more natural and aeceptable idea 
Indeed it appears to have delayed the 
recognition of the positive electron by 
months and to have shifted the discov 
ery across the sea. As early as the spring 


| 1932. Ml I J yhiot Mme Jolhot 
_ in the Institut du Radium 


and 


Irene Curie 


were curved one 
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in Paris, were admitting the 
Po Be 


photographing the tracks which oecurred 


in the 


ravs ol 


into expansion-chambers, and 


vas; and they observed and re 


that 


he the tracks of electrons traveling back 


marked some oft these appeared TO 


source! That worried 


wards toward the 


them a good deal, and they invented a 
two-stage TO explain it. whereby 
I ‘ 


process 


neutrons shooting forward from the 


source should cause atoms of the gas to 


send out photons, and these photons 


be absorbed in other atoms and 
the 


seems quite beyond doubt that Curie and 


should 


expel retrograde electrons It now 


Joliot were observing forward-moving 


positive electrons instead of baekward 


moving negatives, and indeed they 


helped to prove it. Later on, for in 
? 


Stance, they repeated the experiment ol 
which | 


Chadwiek and his colleagues 


have been describing, first with a piece 
of lead exposed to the rays of Po + Be, 
and then with an exactly similar piece of 
aluminium. Nothing whatever had been 


changed about the chamber, except the 


nature of the metal, but there were very 
many more of these peculiar tracks pro 
ceeding from the metal when it was lead 


The most 


than when it was aluminium 











ARGON EXPOSED TO GAMMA-RAYS, AND PROB 
ABLY CREATED FROM A PHOTON AT ITS APPROACH 
ro AN ARGON NUCULI S ( ‘ » J OLIO 
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; of clusive evidence, however, had earlier 
and ween supplied by the physicists of Cam 
rred bridge: they adopted Anderson’s test 
re setting a thin sheet of metal close behind 
l to the lead where it would intercept the 
ack tracks: and several times it was observed 
ried that where a track passed through the 
“la sheet, its curvature was greater on the 
‘eby ar side, showing that the corpuscle 
the hich made it had indeed proceeded 
s to mm the lead 
tons aking it now for proved that there 
and » such things as positive electrons, let 
now s examine what more is known or con 
and ectured about them 
ving A question comes up immediately: In 
ard- this mixture of neutrons and photons 
they from the Po Be source which ejects the 
in sitive electrons from lead, are the iG. 7 RA OF A 0) Oo ay 
t of neutrons or the photons responsible o> , 
h I Qne might prefer the neutrons, on the 7° 
jiece Jausible ground that these are newly 
Be. diseovered particles of which almost any aaabate aad 
e of thing is still believable, while photons i ; 
een lave been known for quite a while with 
the ut any one cbserving that they are able photons of these rays; the third, t 
very to engender positive electrons; but ap names OF various metals ; the 
pro- parently one would be wrong. Curie and umber or positive electrons pr 
lead Joliot found that if they inserted metal dred negatives. ejected from these metals 
nost screens between the Po+Be source and Py these gamma-rays; a 
the leaden block, the number of positive @uthorities 
electrons evoked from the lead was re d Ry 
duced not at all in the proportion in id ) Joliots 
which the neutrons were cut off by the i { 1) 
screen, but more nearly in the proportion per s J 
in which the photons were cut off: and rhe ' . : " 
this certainly settles that the last-named a , ¢ . 
are chiefly responsible, if not indeed al Ra(B + ¢ 1.0-2.2 i Grinberg 
together. There is another fact whiel Po 85 Meaitner 
may be relevant to the issue, and anyhow 
is of the first importance in itself. It is , 
possible to generate positive electrons by = , cS ul ; 
' streams of gamma-rays high-energy give at the momet ur bes 1D 
: photons coming from radioactive bodies rere about the relative p 
: which do not emit any detectable number 1 the positive electrons, ejected Tron 
| of neutrons at all. several metals by the severa is 
4 i Here are the data in a brief table. in "5 VYne would preter 1 
} which the first column contains the Meitner and P - 
SING » names of various sources of gamma-rays; ' rd me the a ' = oS te Beg 
ROs- the second, the energy-values (in mil ein timo ae 
ACH = 


lions of electron-volts) of the individual for copper. ar 
1OT. ! 
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total number of positives per unit inten 
sity of the infalling rays, but that is not 
available at present—perhaps because of 
the difficulty of measuring these inten- 
It must be kept in mind that the 
data usually consist in observations of a 


sities. 


few hundred or even a few dozen cloud 
tracks, so that the aecuracy of these per 
centages can not be great. 

We note, then, that with lead the per 
centage of positive electrons foes up 
rapidly with increasing photon-energy, 
and that with photons of five-million 
electron-volt energy the percentage goes 
up rapidly with the nuclear mass of the 
bombarded atoms Both of these rules 
are in harmony with a current theory 
of the generation of positive electrons 
So are other facts of experience ; but 
before Stating them. I will state the cen 
tral idea of the theory, which is simple 
and spectacular. <A positive electron is 
supposed to come into being by virtue 
of a transmutation more drastic and 
amazing than any hitherto effected or 
imagined: it is supposed that a photon 
transmutes itself into a pair of electrons, 
one of each sign. 

Such a transmutation—if it happens 

leaves the net charge of the universe 
unchanged. If in addition it is to leave 
the net energy of the universe unaltered, 
we must invoke the principle of the 
equivalence of energy and mass: Ein 
stein’s relation, 

EK = me 

where FE stands for energy and m for 
mass and ¢ for the speed of light am 
racno The masses of two electrons at 
rest, when translated into units of en- 
ergy according to Einstein’s relation, 
amount to about one million electron 
volts (1.02 - 10° is more nearly right, but 
the even million is a good round number 
perfectly satisfactory for these data 


rschlagsmassige Rechnung). An 


estimate (wuebe 
derson finds as many positives as negatives 
among the ionizing particles of the cosmic rays, 
which perhaps is to be taken as meaning that 
these are due to photons of very high energy 


values indeed. 


The residue of the energy of the photon 
its original energy, minus this million 
then remains over; it might go int 

kinetic energy of the electrons, or into a 

new photon, or divide itself between 

these forms. Here are testable conse 
quences of the theory If this central 
idea is right, then positive and negative 
electrons should spring forth in pairs 
and the energy of each electron-pair, and 

a fortiori that of any positive electron by 

itself, should never come within one mil 

lion volts of the energy of the primary 

photon. 

Now it is indeed a fact that positive 
electrons are often paired with negatives 
in the sense that one of each sign appears 
to spring from a single point on the 
irradiated metal Fie. 6 is a wonder 
ful photograph in which a pair is seen to 
start from a point in the gas of the 
chamber. There are always some posi 
tives which are apparently unpaired 
but one can explain this away by saying 
that probably the associated negative got 
caught in the metal. There is also al 
ways an excess of negatives, as the table 
has shown; but one can always say that 
this excess consists of electrons expelled 
from the atoms by the photons in ordi 
nary collisions. Finally, it is an em 
pirical rule that the kinetie energy of a) 
electron-pair or of an isolated positive 
never comes within a million volts of that 
of the primary photons. Everybody who 
has been producing positive electrons 
has been looking for exceptions to that 
rule, and thus far, | believe, no unim 
peachable exception has been found 
Thus, Anderson and Neddermeyer ob 
served twenty-two pairs and _ thirteer 
isolated positives, and found only one 
ease of a pair having more than the 
proper maximum energy; and this, as 
they say, might have been a case of twe 
independent electrons happening to star 


Anothe 
corollary of the theory is that photo 


from points elose together. 


of energy less than one million electro 
volts ought not to produce any positive 
at all; and this is borne out by the nega 
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HISTORY OF THE P¢ 


ve result obtained with the gamma 
rays of polonium 

In this imagined process of transmuta 
TION, charge is conserved and energy Is 


onserved, in conformity with two fa 


millar principles There is vet another 


principle of conservation, older than 
either; it is Newton’s third law, that the 
the world ought to 
Now it 


to apply this prineiple to the pictured 


total momentum of 


remain invariable. we attempt 


process, we reach a disconcerting con 


elusion: if a photon in the depths of 
space should convert itself spontaneously 
momentum and en 
both be con 


first to 


into two electrons, 


ergy could not possibly 


served!" This seems at impair 
the theory greatly, as it is not without 
that 


would forego the conservation of momen 


the greatest reluctance physicists 


tum. We recall, however, that positive 
electrons have not been shown to spring 
into existence in the depths of space, but 
only where a beam of photons is travers- 
ing a sheet of matter. This suggests that 
the nucleus of some atom enters into the 
process, to the extent of receiving enough 
momentum to balance the budget; and 
inversely that the process can not occur 
unless there is a near-by atom available 
In the fully de- 
veloped theory, indeed, an atom is al- 


to serve this purpose 


ways introduced to play this role 


There is another set of data with 
which the theory attempts to cope, and 
this pertains to the absorption of high- 
frequency photons by heavy elements. 
There are three well-known kinds of ad- 
venture which befall a photon 
when it dives into a metal. It may sim- 
ply be deflected, without sensible change 
of energy ; or it may have what is known 
as a Compton collision with a nearly free 


electron, and be deflected with a loss of 


may 


energy; or it may be utterly swallowed 

3 1f we postulate both conservation of energy 
ind conservation of momentum, it fcllows (the 
reckoning is easy) that the speed of one at 
least of the electrons is superior to that of 
light, which is contrary to the doctrine of rela 
tivity on which the calculation is based, and 
therefore a reductio ad absurdum. 


SITIVE ELECTRON 13 


up ih an atom, al Np 

If a bean x s r gvamm 5 Is 
sent through a si n ny ! 
which undergoes any one of thes 
ventures Is removed trom the beam: and 
accordingly it may be said that there are 
three modes of absorption Now quite a 
good deal is known about these three 
and it can safely be said that for most 


elements and most X-rays or gamma 
rays, t] ev constitute a the abs rption 
Which occurs HH vel t was diIsco\ 
ered, three or four or five years ago, that 


with verv heavy elements and verv high 


frequency gamma-rays, the total absorp 


tion 18 greater tha can be ascribed to 
these three modes put together There 


must consequently be an extra mode; 
and people have been calling it *‘ nuclear 
absorption,’ on the general ground that 


must be to blame for any 


do not 


the nucleus 


thing that we fully understand 
It has lately occurred to several physi 
cists that this extra absorption is simply 
that of the photons which convert them 
selves into electron-pairs. This idea is 
in general agreement with the facts that 
the extra absorption increases rapidly 
with 


atomic weight of 


frequency of gamma-rays and 


metal, which, as [| have 


just been Saying, 1S also the rule for the 


production of positive electrons More 
over, it agrees with the fact that no one 
has yet observed this additional absorp 


with lesser energy 


Indeed 
interesting 


tion gamma-rays of 
than one million electron-volts 
recent and 


there is a very 


note by a physicist, Gentner, at Paris, 
who plots an experimental curve of extra 
absorption versus frequency and then ex 
trapolates it, and finds that the extrapo 
lated curve comes down to zero at just 
about the frequency where the energy of 


‘With this extra absorption tl 


extra ‘‘seattering ! ssior f g 

rays from the metal, nd it appears 

of these have the proper energy | 

uted to a process which is the revers¢ ¢ 
already described—that is to say, 

cence of a pair of electrons of opposite sig? 
into a corpuscle of light. Not all the meas 
ments, however. are concordant 








14 THE SCIENTIFIC 


the photon amounts to one million elec 
tron-volts—yjust the minimum amount, 
that 1s to Say, which should suffice to 
create an electron-pair. There are fur 


ther confirmations. Oppenheimer and 
Plesset have been working out the quan- 
tum-mechanieal theory of this imagined 
process of the transmutation of light into 
published a 
its conclusions, in the 
‘*Numerical 
the gamma 


electron-pairs, and have 
brief account of 
course of which they. say 
caleulation for the case of 
rays of thorium C”’ vives an excess 
)» per cent. of the 
the 


lead 


absorption of about 2. 
Klein-Nishina oom 
absorption in 


Compton-col- 


and 15 per 


lision 
cent. in tin, in excellent agreement with 
experiment. ’’ 

Well! when a theorist of the rank of 
( )ppenheimer speaks of ‘‘ excellent agree 
ment with experiment’’ it 1s necessary to 
take the theory seriously, and this is a 
theory of the first importance. Here we 
witness, it may be, the disappearance ol 
the last apparent barrier in physics: the 
barrier which seemed to separate the sub 
stance of electricity and matter from the 
substance of light. We have long been 
accustomed to the idea, and perhaps we 
shall soon be accustomed to the fact, of 
every sort of transmutation among the 
divers elements of matter; but the idea 
of transmutation between matter and 
light is one which will require years to 
realize in all its implications. Perhaps, 
however, it would be well to be a little 
cautious, awaiting the results of further 
tests which the quantum-mechanical 


theory invites®; not yet is it safe to 
discard the idea that these electrons, 
of whichever sign, may simply have 


been expelled by the photons from atom 
nuclei where they have previously been 


this story 


existing | therefore bring 
predicts the distribution 
in-direction of the created by the 
photons, and the division of the kinetic energy 


positive and negative members of 


Thus, the theory 


eleetrons 


between the 
a pair; and also (according to Furry and Car!l- 


it predicts that electrons having kinetic 


son 
energy greater than a million electron-volts 
should be found able to create new electron- 


pairs 


MONTHLY 


0 its end not wit 1 paeai t ti 


umph to the theory, but with a deserip 
tion of the latest and most potent method 
of producing positive electrons, disco 
ered by the Joliots hardly more than ha 
a year ago. 

was thie 


What the 
] 


emission of positive electrons from a leat! 


Joliots observed 
of aluminium foil, exposed to the bom 
bardment of alpha-particles from polo- 
nium. Later on they observed the like 
effect when targets of boron and of bery! 
lium were substituted for the aluminium 
It is easy to confuse this observation 
with the earlier one, in which the 
the beryllium 
were found to evoke positive electrons 


rays 
emitted by bombarded 
from a second piece of metal ; but in this 
later work the positives which were ob 
served came forth from the beryllium 
itself 
ment of transmutation, for the alpha 


[It may well be an accompani 


particles which cause it likewise possess 
the power of transmuting all three met 

als. It is not a universal effect. for it is 
not observed when lithium is substituted 
for the aluminium (this proving incide 

tally that the positives are not from the 
From aluminium the 


the 


polonium itself 
number of positives emitted is of 
order of one to every couple of million of 
alpha-corpuscles; and several 
months ago Joliot 
eapable of producing thirty thousand 
some 


incident 
composed a source 
positive electrons to the second. 
what later, Thibaud got streams of posi 
tive electrons from capsules of radioac- 
tive salts enclosed in silver or lead 

streams sufficiently strong to cause a 
fluorescent screen to shine with a light 
bright enough to be photographed. By 
comparison with the mighty torrents of 
negative electrons which flow in any 
technical vacuum tube, these feeble cur 
rents may seem trivial. That, however, 
is not the proper standard of comparison. 
One should rather say that in the au 
1932 positive electrons were 
being observed at the rate of three or 
four a year, and already in the summer 


of 1933 this rate had been enhanced to 


tumn of 


thirty thousand in the second. 
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thod 


CON By LORD RUTHERFORD 
ou? EPA ’ OF 
the 
leaf [uk possibility of the transmutation very doubtfu 
om ne kind of matter into another has Howeve. t persistel 
Olo- Vays exerted a strone fascination 01 through 1 entul s WAS 
like human mind since the early days of t philosop 
ryl- ence. During the past thirty vears, | of matter. bass the writings \ 
um. ve been actively engaged in investiga totle, which had a vei fi 
tion ns on various aspects Oo! this question, on the il . i the li 


"ays d I shall try to give you here a briet n the Middle Ages. According to A 


jum iwcount of the essential nature of the totle, all matte sist 

‘ons pl blem of transmutation and of the menta substance primor 

this methods that have been devised to ex tovether with a mixture 

ob- tend our knowledge It is a problem ments called eart] rir. fire : 
ium that is attractine much attention in the Qne substance ditfered § f1 
ani- scientific world to-day, and during the only in the relative mbination of thes 
yha- ist decade there has been a vigorous and livpothetical elements On thes 
SESS sustained attack on if Experiments it appeared almost self-evid 

1et- some on a large and costly scale. are now substance could be changed i } 

t is eing earried out in many laboratories if only a suitable meth ‘Ou 

ted throughout the world to advanee our to alter the n ! f one o1 

en nowledge. these constituents Natu 

the The first successful experiments in or changing 1 Das metals ! 
the transmutation are comparatively recent noble element gold assumed a pi 

the iting back to the year 1919. but in a place, and from tin me n 

1 of sense the problem is a very old one and who claimed that the \ id dis 
ral is been the subject of much thought the secret of changing coppe 

ree d investigation from the time when other metals int rol In times 
ind sclence Was in its infaney You have a monetary stress > emists 
ne- eard of the alchemists. who were in fact often employed by rulers to rest 

SI - , the first chemical investigators. and the finances of the state b maki 

ae- search for a substance called the phi They often succeeded in n 

l sopher’s stone whereby it was hoped stance that ad the appearal 

a ’ he element eould be changed into an Dut in general ti | resu 1 

rht ther. Lookine back from the stand periments was a debaseme! 
By point of our knowledge to-day, we see age Even after the possil 

of ) that there was no hope of success in this producing transmutation by 

ny quest with the limited laboratory apph laboratory met as had ! I 

ar / ances and methods available in those ploded, the old ideas persistes 

er } avs, and that the experimental evidence veneral mind, so that ever 

m. rought forward in its support was of a postors or deluded men oecasiona } 
Lll- A National Lecture broadeast bv the Brit peas who — - nave a recep 
re sh Broadcasting Corporation on October 11, making gold, but the only gold ft 
or ‘ nd published in The Listener, its official jour make 1s extracted from the pockets 

their credulous supporters. The p 
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of imagination of this class of charlatan 
is shown by the fact that they have not 
at once claimed to produce instead of 
vold the more rare and costly elements 
like platinum and radium 

The great work of the chemists of the 
nineteenth century had shown that mat- 
ter could be resolved into eighty or more 
distinct elements, and that the atoms 
composing each of these elements ap- 
peared to be indestructible and = un- 
changeable under the action of the 
physical and chemical forces at their 
command. The ancient notion of trans- 
mutation proved impossible to realize 
until new and more powerful methods 
were available. At the same time it be 
came clear from general chemical evi- 
dence, such as is embodied in the Peri- 
odie Table of the elements, that the 
atoms of the elements are not unrelated 
but must possess in some respects very 
similar structures. This idea received 
strong support from the fundamental 
discovery of the electron in 1897, mainly 
due to the work of Sir J. J. Thomson. 
The electron, which carried a negative 
charge of electricity, was found to have 
a minute mass—only about 1/1840 of 
the mass of the lightest atom hydrogen 

and to be a constituent of all atoms. 
One or more of these light electrons 
could be struck out of the atom either by 
the action of swift particles or by ultra- 
violet radiation or x-rays. The resulting 
atom acquired a positive charge and had 
different properties from the neutral un- 
charged atom. The change of properties 
was, however, only momentary, for in a 
very short interval another electron fell 
into the atom and filled the vacant place, 
and the atom was restored to its original 
state. General evidence indicates that it 
is impossible to cause a lasting transmu- 
tation of the atom by removing or add- 
ing electrons to the outside of the atom. 
Whatever effect is produced by such 
action is only of a fleeting character and 
has no permanent effect on the structure 
of the atom. 


The discovery of the radioactivity of 
uranium by Becquerel in 1896 was an 


other landmark in the history of our 


subject. The experiments of Rutherford 
and Soddy in 1903 showed elearly that 
radioactivity was a direct manifestation 
of atomic instability. It was shown that 
occasionally an atom broke up with ex 
plosive violence, hurling out with great 
swiftness either a massive particle called 
the g-particle, or a swift electron of light 
mass called the (3-particle As a conse 
quence of this explosion, the residual 
atom had entirely different physical and 
chemical properties from the parent 
atom. It was found that the suecessive 
transformations of the two elements 
uranium and thorium gave rise to thirty 
or more new elements which had radio 
active properties. Radium is the best 
known example of these many elements 
which originate from the successive 
transformations of the element uranium 
The then rare gas helium was found by 
Ramsay and Soddy to be generated by 
the transformation of the radium atoms, 
and we now know that this helium arises 
from the g-particles, which are charged 
helium atoms expelled from the explod 
ing atom. The study of the swift g- and 
B-particles and the pentrating x-rays 
brought out clearly the extraordinary 
intensity of these atomic explosions, in 
which energy was emitted of the order 
of one million times that generated by a 
combination of two atoms in the most 
violent explosive known. 

This transformation of the radio 
active atoms is spontaneous and uncon 
trollable; neither extremes of heat or 
cold have any effect on the rate of trans 
formation or on the energy of the ex 
pelled particles. At the moment, no 
definite explanation can be given why 
the atoms of uranium break up. We 
have to regard their transformation as a 
natural process which is governed by the 
laws of chance. This property of spon 
taneous transmutation is most strongly) 
shown by the two heaviest known ele 
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THE TRANSMUTATION OF THE 


ments, uranium and thorium, and 


radioactive 
m. Only three other elements have 


elements which arise from 
shown this property, and then only to a 
minute degree compared with uranium 
or thorium. All the rest of the elements 
appear to be permanently stable under 
e of our 
the idea 
elements is 


the 


normal conditions on the surface 
that 
f the immutability of the 
true 
reat majority of our elements. 

A further attack on this problem had 
better the 


atoms. It is 


earth; it seems, therefore, 


under normal conditions for 


; 
understanding of 


to await a 


essential structure of all 


now clear that all the atoms of the ele 
ments are in a sense electrical structures 


pattern. At 


e center of each atom is a minute but 


built on the same general 


massive nucleus which has a resultant 


charge of so many units of positive elec- 
tricity varying from 1 to 92 for the vari- 
At a the 


distribution of negative 


ous atoms. distance from 
nucleus is a 
electrons in whirling motion, whose 
number is equal to the number of posi- 
tive charges carried by the nucleus. It 
the radius 


of the nucleus, supposed spherical, is 


must be borne in mind that 


and in general less 
ten-thousandth part of the 
radius of the atom as a whole. Yet this 
diminutive not contains 
nearly the whole mass of the atom, but 
through its nuclear charge controls the 
number and motions of the external or 
planetary electrons, as they have been 
termed from analogy with our solar sys- 
tem. Since the ordinary physical and 
chemical properties of an element are 
determined by the charge on the nucleus 
and not by its mass, the atoms of a given 
element may not be all identical in mass 
or weight, although they must have an 
identical charge on each nucleus. We 
now know, largely through the work of 
Aston, that most of the ordinary ele- 
ments are composed of a mixture of 
atoms of different masses called isotopes. 
For example, the atoms of the light ele- 


extremely minute 
than one 


nucleus only 


ATOM 7 


ment lthium—which, we s s 
later cal I Ss 
agencies—consist : s 
masses 6 and 7 times the mass I the 
hydrogen atom, the isotope mass 7 
being more abundant. Wes 
this isotopic constitution of 1 
ments has to be taken int 
interp! Hes t S 
that ean be l | I | 
one isotope may be 1 \ . 
the ot I s ! Vy D 
fected or ns 

r ¢ bi id I itures 
of all atoms are now wi establis 
As a result of the splendid wor Boh 
and those who have f wed hu 
able to understand the arrangement and 
motions of the planetary electrons 
the way in which light or x-rays art 
emitted when the atom is disturbed Un 
fortunately, we have much less informa 
tion about the constitution of the minute 
eentral nucleus. We know t value ¢ 
the nuclear charge and the mass of ¢ 
atom, but we have no precise infor 
tion on the nature and arrangeme!? yf 
the particles composing it. Until a year 
or so ago, it was generally supposed that 
the nucleus of an atom was ultimat 
composed of two electrical units, the 
negative electrons of small mass and t 
positively charged protons or mass ] 


At 
secondary units were also 
that 
a particle 


the same time it became clear that 
present and 
the helium nucleus of mass 4 the 
prominent 


played a part 


Recently, however, we have had to ex 


tend our views, for undoubted evidence 
has been obtained of the existence of a 
new type of particle called the neutron 
which has a mass about 1 but no electri 
At 


covery this year of what is believed to 


eal charge. the same time, the dis 


be the positive electron of light 
the counterpart of the negative electron 
How- 
ever, we may, I think, assume with some 
confidence that the nucleus of a heavy 
atom is in general composed of a large 


mass 


—has complicated the problem 
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number of particles, some charged like 
the q-particle and proton, and others, 
neutral. 
powerful 
minute 


l 


lke the 
These are held 


forces in an 


neutron, electrically 
together by 
extraordinarily 
and form a stable struc- 
We have, however, little to guide 


a more detailed knowledge 


volume 
ture. 


very 


us 1n seeking 


of the number, arrangements and mo- 
tions of these constituent particles. 

In order to transmute one atom into 
another, it appears essential to alter the 


charge on the nucleus. This ean be 


done in imagination by adding another 
charged particle, say a proton or q-par- 
nucleus, or removing a 
charged particle from it. We must, 
in mind that the nucleus 
is a structure held 
firmly together by attractive 
In order to disrupt a nucleus, 
it thus seemed that 
forces must be brought to bear directly 


ticle, to the 


how ever, be ar 


strongly guarded 


strong 
forces. 


likely intense 


very 


upon it. One method of accomplishing 


this is to bombard the nucleus with very 


swift particles. Now the q-particle, 
which is spontaneously ejected from 
radium, is one of the most energetic 


particles known to science. It was rec- 
ognized that if a stream of swift a-par- 
ticles fell on matter, there was a small 
chance that one out of a great number 
might have an almost head-on collision 
with a nucleus. Under these conditions 
it must approach very near to it before 
it was turned back by the strong repul- 
sive forces due to the electric charges on 
the two particles. It must be empha- 
sized that the close collision of an q-par- 
ticle with a nucleus involves the setting 
up of gigantic forces between the two 
nuclei concerned. In the case of light 
atoms where the nuclear charge is small, 
ealeulation indicated that the colliding 
a-particle, if it did not enter the struck 
nucleus, must at least approach suffi- 
ciently near to distort greatly its elec- 
trical structure. Under such disturbing 
forces, the nucleus might be expected to 
become unstable and then break up into 


other nuclei. Actuated by these general 
ideas, | made in 1919 some experiments 
to test whether any evidence of transfor 
obtained when q-par 
bombard matter 
The experiments were of a simple type 
served as a 


eould be 
used to 


mation 
ticles were 
a preparation of radium 
source of g-rays and the scintillatior 
method was used to detect the presence 


of any new types of particles. It is wel 


known that each q-particle falling o1 
a preparation of zine sulfide gives a 
flash of light, a scintillation, which is 
easily seen in a darkened room, and it 


was to be expected that any fast charged 
particle liberated from the bombarded 
matter would indicate its presence by a 
scintillation. When were 
used to bombard the gas oxygen, no new 
When, however, 
nitrogen gas was substituted, a number 
far be- 


a particles 


effect was observed. 


of scintillations were observed 
yond the distance of travel of the qa-par- 
Special experiments showed that 


produced by 


ticles. 
these scintillations were 
charged hydrogen atoms which we now 
eall protons. The fast 
protons in these experiments could only 


appearance of 


be explained by supposing that they 
arose from the transformation of some 
of the nitrogen nuclei as a result of 
a-particle bombardment. This was the 
first time that definite evidence was ob- 
tained that an atom could be trans- 
formed by artificial methods. In the 
light of later experiments by Blackett, 
the general mechanism of this transfor- 
mation became clear. It was found that 
the q-particle must actually penetrate 
into the nitrogen nucleus and be cap- 
tured by it. As a consequence of this 
profound disturbance, a proton was 
ejected with high speed from the new 
nucleus. Let us for a moment consider 
the simple arithmetic of this process. 
The mass of the nitrogen nucleus is 14 
and its nuclear charge 7 units. The cap- 
ture of an q-particle of mass 4 and 
nuclear charge 2 raises the mass to 18 
and the charge to 9, while the loss of a 
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proton of mass 1 and charge 1 results in 
the formation of an atom of mass 17 and 
rge 8. Now the oxygen nucleus has 


I the in- 


e nitrogen 


e 
a charge 8, so that as a result o 
‘tion with an q-particle, th 
aa . 
nucleus is changed into a nucleus of 
It 


oxygen nucleus formed in this way 


16 as 


OX 7 


will be noted that the mass of 


Is 17 and not ordinarily obst rved. 
It was only later that the presence of an 
isotope of mass 17 in small quantity in 
rdinary oxygen was disclosed by direct 


veriments of another kind. In subse- 


ient investigations with Dr. Chadwick, 


the methods of observation were much 
improved and it became clear that 


light ld 


oul 
transformed by qg-particle bombardment, 


least twelve elements ¢ 
and in every case protons were ejected, 
the number and speed varying from ele- 
ment to element. It seems probable that 
the process of transformation is similar 
in all eases to that found 
The q-particle is captured and the new 
atom that mass 3 units 
greater and a charge of 1 unit higher 
In other words, 
of 
twelve elements in turning one of their 
atoms into the atom of the element next 
higher in the norma! 
ments. 


tor nitrogen. 


s formed has a 


than the origina! atom. 


we have succeeded with each these 


order of the ele- 


It must be borne in mind that the 
amount of new matter formed in this 
way is exceedingly minute—far too 


small to examine by ordinary chemical 
methods. ob- 
tained by the development of delicate 
methods of counting single of 
matter. On account of the minute tar- 
get area of a 
direct hit by an q-particle is very small. 
In the case of nitrogen, only about one 
a-particle in 100,000 is effective in caus- 
ing a transformation, and for the ele- 
ment aluminium the still 
smaller—about in a Of 
course, the q-particles in these experi- 
ments are not aimed at the nuclei, but 
are emitted at random in all directions, 


Sueceess has only been 


atoms 


nucleus, the chance of a 


chance is 


one million. 
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and occasiona \ ne I them 
happe ns 
a nucleus d 

While a < 
( ul | r ‘ 
some, lk 
appeared 
b modal I ( 

um, | \ 
l pl LODS ¢ 
n¢ a i mis ! 
radia \l \ ( 
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CODSISTed is I ias } 
a new p n 
Phis 1 
mass 1 as | 31 
( il ( I lr} 
bervillu is i I 
irom tha ! S the 
ments. As b i 
Lure | bi l S i] ] I 1 
proton—is ex] By this process 
nucleus be u f mass 9 is 
changed into an atom of n 
panied by the ejection Lm 

This strange type of projectile has 
remarkable properties. On account 
the abse E * irg the ! iT n 1s 
able to pass treely through atoms f 
matter with little if any loss of « ry 
It only makes its presen manifest 
when it collides with the 1 is i] 
other atom. | ther has show? it Tast 
neutrons are in turn effective in produ 
ing transformations of novel types in 
other elements. For examp I finds 
that both oxygen and nitrogen i be 
transformed with the emission fast 
a-particles, while recently Harkins has 
shown that neutrons can also transform 
carbon and neon. The effect of t neu 
tron on oxygen IS of special interes iS 


the oxygen nucle 
unaffected 


us appears 
by bombardment either by 
a-particles or protons. 

dealt with the trans 
formations produced by fast } 
which are themselves derived fr 


So far we have 


rt 


jal icles 


m the 
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spontaneous disintegration of radioac- 
tive elements. It soon became elear, 
however, that in order to extend our 
knowledge of this subject, far more 
abundant streams of fast projectiles of 
different kinds were essential It was 
well known that the passage of an elec- 
trie discharge through a gas at low pres- 


; ‘ 


sure gives rise to a multitude of charged 
atoms and molecules oi various kinds. 
If the charged atoms obtained in this 
way were accelerated in a vacuum by 
passing through a strong electric field, 
we might hope to obtain a cop jus Stream 
of fast projectiles of different kinds for 
bombardment purposes. For example, 
when a discharge is passed through 
hydrogen it is easy to produce a stream 
of as many projectiles as are emitted by 
100,000 grams of radium in the same 
time. By the use of high voltages, of 
the order of one million volts, it seemed 
likely that we could hope to obtain suffi- 
ciently rast particles to effect atomic 
transformations. In order to realize 
this purpose experimentally, elaborate 
electrical apparatus is required to gen- 
to be applied to 


erate the high voltag 


e 
the accelerating tube, and very fast 
pumps to keep the vacuum so low that 
no discharge can pass. After several 
years’ hard work, Cockeroft and Walton 
in Cambridge succeeded in obtaining a 
strong beam of protons accelerated by 
half a million volts, suitable for bom- 
When the acceler- 
ated protons were allowed to fall on a 
lithium target, a number of fast par- 
ticles resembling a-particles were ob- 
served to emerge through a thin window 
opposite the target. These particles 
were counted by the scintillation method 


barding purposes. 


already referred to and also by auto- 
matie electrical methods which had been 
developed by Wynn Williams. It was 
soon shown that the particles from 
lithium were veritable q-particles, ‘.e., 
helium nuclei of mass 4. These experi- 
ments of Cockcroft and Walton are of 
great interest and importance, for it is 


the first time that it has been shown pi 
sible to disrupt an atom by the use « 
fast particles produced by artifici 
methods in the laboratory. The gener: 
character of this transformation is no 
clear. Occasionally a proton of mass 

enters the lithium nucleus of mass 7, an 
this then breaks up into two q-particles 


each of mass 4 If this be true, ti 


-particles should fly off in nearly oppo 
site directions. This has been verifie 
and is beautifully shown in the phot 
graphs of the tracks of the q-particles 
obtained by Kirchner in Munich and b 
Dee and Walton in Cambridge. 

We are not able to foll 


c ymplicated and intense reactions whic] 


ow in detail th: 


must occur in this transformation, fo 
we are not yet certain of the constitutio 
fore the cap 


Ther 


seems to be no doubt that one at least o 


of the lithium nucleus be 
ture of the bombarding proton. 
the helium nuclei ejected must hav 
been formed in situ in the nucleus fron 
the constituent neutrons and protons 
In these types of nuclear reaction, mor: 
than one type of transformation may 
take place, and there is strong evidence: 


that this is so in lithium, but the exact 


! 
} 


nature of these transformations is sti 
unknown. 

Cockeroft and Walton found that the 
number of g-particles observed increased 
rapidly with voltage, and was very large 
at 500,000 volts, while Oliphant has 
shown that the transformation of lith- 
ium can readily be detected for an ac- 
eelerating voltage of only 30,000 volts 
This result would have been difficult to 
u.derstand on the old ideas, but is quite 
in accord with the new wave theory of 
matter. Gamow has shown that there is 
a chance, even if a very small one, for a 
comparatively slow particle to penetrate 
the strong electric barrier round the 
nucleus. 

Cockeroft and Walton found that not 
only lithium, but also boron and fluo- 
rine, emitted g-particles under proton 
bombardment. The exact nature of 
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n pos 


me these transformations has not yet been stances. In this ease, the is 
inela settled, but it may be that the boron mass 6 appears to be involved. T 


> >) 1 . . ) 
enera nucleus of mass 11 captures a proton’ ture of the hyd: nu Ss OF mass < 
S nov nd then breaks up into three a-particles, leads to the break-up of 

—— 4 ich of mass 4. In general it appears two gq-particles ff: 


? rw that proton bombardment leads to the directions. This s be amp ve 
ticles 


emission of g-particles and the forma- fied by the beautiful | 
», the ¥ 


tion of elements of smaller mass, while tained by Dee and W 

+ tal z-particle bombardment causes a rise in tion, many ot ms were found 
rifled mass of the resulting element. transformed b: 
yhoto- I 

‘ticles 


nd by 


must now say a few words about’ the emissio1 

some very important experiments with a cases very fast protons 

new type of projectile which have been served. TI 

ae ‘arried out by Professor Lawrence in effect, which is show 

il om he University of California. The work heavy elements, 

vhicl of a number of scientific men in the great imp 

, Tor United States in the last two years has ments. Professor Lewis | 


ution shown that ordinary hydrogen of mass 1 some of this heavy it | Dr. O 


cap contains in very small quantity another phant and I hav 

,er ’ ¢ 141 } 
Ther isotope of mass 2. Although the quan- and exte! Ss 
ist 01 tity of this heavy hydrogen is only about using only 100,000 volts 


have one part in 6,000 of the main isotope, tube inere ca e 1 a 


from yet Professor Lewis, of the University new kind of projectile will ] 


tons. of California, has succeeded by electro- vrreat service in ir attack on the fT! S 
more lytic methods in obtaining quantities of formation of the elements 
may this heavy hydrogen in nearly a pure’ great interest to comp: 


lence state. When we consider what a large types of transformat it ar 
xact part hydrogen plays in the structure of the use of these 1 kinds 
still organie molecules, I need not emphasize as projectiles 
the extraordinary interest of this discov- It is interesting to consider t 
t the 


ased 


ery, both to chemistry and physics. This changes involved in these transforn 
heavy hydrogen has the same chemical tions. We have seen that pr 
arge properties as ordinary hydrogen, but the energy corresponding to 30,000 


] ] 


has has a density 10 to ean effect the transforn 


water formed from it 

lith- 11 per cent. higher than ordinary water, into two fast g-particles 

Ll ac- and has also a different boiling and have an energy equivalent 
olts. freezing point. Just before these ex- 16 million volts. Considering 

It to |s periments of Professor Lewis were vidual process, the output 

jute f undertaken, his colleague, Professor the transmutation is more than 500 t 
y ol Lawrence, had devised a very ingenious’ greater than the energy carried 

sation | method, depending on multiple accelera- proton. There is thus : 

ors | tion, of obtaining protons of energy as energy in the single transmutat 


rate high as 2 million volts. When this we must no 
the 


+ +t + 4 t 
l rg a 


ae? 


heavy hydrogen was used, the projectiles more than 1,000 million protons 
of mass 2 were found even more effec- energy must be fired into the lithium 
not tive than protons in causing disintegra- before one happens to hit and enter t 
tuo- tion in many elements. For example, lithium nucleus. It is clear in this 

yton lithium was transformed into two g-par- that on the whole the energy derived 


of ticles each of speed greater than any from transmutation of the atom is sma 


maps fa 


a-particle observed from radioactive sub- compared with the energy of the bom 
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barding particles. There thus seems to should excite such interest in the scie1 


be little prospect that we can hope to tific world. It is not that the exper 


obtain a new source of power by these menter is searching for a new source « 


processes. It has sometimes been sug- power or the production of rare a1 
gested, from analogy with ordinary ex- costly elements by new methods. TI , 
plosives, that the transmutation of one _ real reason lies deeper, and is bound u P 
atom might cause the transmutation of a_ with the urge and fascination of a seare 
neighboring nucleus, so that the explo- into one of the deepest secrets of natur 
sion would spread throughout all the Until a few years ago, we had to be co 
material. If this were true, we should’ tent with the knowledge that the who ; 
long ago have had a gigantic explosion of matter in the universe, including ou 
in our laboratories with no one remain- own bodies, was made up of ninety « 
ing to tell the tale. The absence of these more distinct chemical elements, but v 
accidents indicates, as we should expect, had little definite knowledge of the in 
that the explosion is confined to the in-_ ner structure of their atoms or of 1 
dividual nucleus and does not spread to processes by which one element eould < 
the neighboring nuclei, which may be _ eonverted into another. Now. for tl! ; 
regarded as relatively far removed from first time, we are able to investigate thes ) 
the center of the explosion. problems by direct experiments in tl | 
The general law of conservation of laboratory, and we are hopeful we sha | 
energy appears to hold in these intense goon add widely to our knowledge. T! 
nuclear explosions. On modern views jnformation so gained ean not but wid | 
there is a close connection between the our outlook on the nature of matter, bu | 


mass of a b aS and the ene rgy stored up must also have a direct bearing on mat i 


in it. Any decrease of mass of a system problems of cosmical physics. Fo 
, OS le: nvs Ss. “or @) 


is accompanied by the emission of a defi- ample, in the furnace of the sun a 
‘ : h ni le sun al 


nite quantity of aay in = of its other hot stars, the electrons, protor | 

sang poste rciger ee ae yon neutrons and atoms present must be e1 
aol _* ae, dowed with high average _ velociti 

owing to thermal agitation. It is thus 


to be expected that the processes bot! 


more of the particles concerned, or in 
the emission of radiation in the form of 
x-rays, or possibly both types of energy ai 
together. Now, in the lithium transfor- 
mation, the relative masses of the pro- 


disintegration and aggregation of nucle 
such as are observed in the laborator 
should be operative on a vast scale fi 
all nuclei, and that a kind of equilil 
rium should be set up between those tw 


ton, nucleus and q-particle are known 
with considerable accuracy. When we 
take into account the change of mass of 
the system before and after the nuclear 
explosion, and the kinetic energy of the 


opposing agencies of dissociation at 
association for each type of aton 
expelled a-particles, we find that there nucleus. It is well known that the abu 
is a close balance showing that this gen- dance of the elements in our eart! 
eralized form of conservation of energy Crust varies very widely. Some elements ? 
holds within the accuracy of the obser- like iron, nickel and oxygen are abu 
vations. It is to be hoped that this law ant, whilst others like lithium, platinu 
of conservation will prove a reliable and gold are relatively rare. The inf 
guide in interpreting other types of mation to be gained in our laborator 
nuclear reactions. on the efficiency of various types 
My listeners may quite naturally ask agencies in transforming atoms may he 


why these experiments on transmutation us to throw light on the reason for t 
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relative abundance of different elements 
in our earth, and thus in the sun from 
y hich our earth is believed to be derived. 

In conclusion, let me say a word on 
the prospects of obtaining further 
knowledge of transmutation in the near 
future. While it is dangerous to proph- 
esy in science, the main lines of attack 
are sufficiently clear to look at any rate 
a short ahead. In the first 
place, plans are being matured in many 
laboratories throughout the world to ob- 
tain much and faster 
particles of all kinds for a further inten- 
sive attack on this problem. Van de 
Graaff has devised a new type of electro- 


static generator whereby he hopes soon 


distance 


higher voltages 


to obtain a steady potential of ten mil- 
lion volts with which to accelerate atoms 
in a discharge tube. The magnitude of 
this voltage may be gauged from the fact 
that it will give a miniature lightning 
flash more than fifty feet Law- 
rence, by a special method of multiple 
acceleration, hopes to obtain projectiles 
with energies than 
carried by the a-particles from radium. 
Observations are also being made on the 
transformation effects of the extremely 
energetic particles present in the cosmic 
which through our 

Many of these have an energy of 


long. 


greater even those 


rays pass atmos- 


phere. 


one hundred million volts, wv some 
are believed to have an 

than one thousand 1 \ No 
doubt also the poss s ol 

tion by high freque I 
x-ray type will be carefully examined 
There seems to be little doubt 

the use of still faster part eS 

ent kinds and possibly by other agencies 
we may hope in the next few years to 
observe the transmutat Sol I 
heavier elements on a small sea As 
we have seen, a Successtu ! I l I 
attack on the general problem has 1 
been opened up, and extraordinar! 
powerful yet delicate devices are avail 
able for st ng the diverse « S 
which may arise during the transforma 
tions. 

As one whose scientifie life has been 
largely devoted to investigations on the 
structure and transformation f the 
atom, I watch with much interest and 
enthusiasm the development these 
beautiful experiments to add 1 
knowledge ort the econ: l n nuciel 


. 
No one can be certain what strange 


ticles or unexpected phenomena may not 


appear. I know of no more enthralling 
adventure of the human mind than this 
voyage of discovery into the almost un- 


explored world of the atomic 1 ucieus 
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By Dr. EARNEST A. HOOTON 


PROFESSOR OF 


TeeTn tell the tale of human evolu- 
tion better than any other bodily struc- 
ture. No, I forgotten brains. 
But we do not understand the evolution 
of the Our are 
apparently much too big for the use we 
of them. Certainly, neither we 
nor our immediate or remote ancestors 
have taken thought sufficiently to add 
many cubic centimeters to our cranial 
capacities. Yet here we are—all decked 
out in our 7} hats—and no place to go. 
We have less reason to be proud of our 


have not 


human brain. brains 


make 


brains than to be ashamed of our teeth. 

Teeth seem to be a distasteful subject 
for popular consideration. They are un- 
pleasantly reminiscent of the) apprehen- 
sive minutes spent in the dental waiting 
room with the futile distraction of back 
of periodicals—and 
other far worse experiences. Yet our 
teeth have had an illustrious past; they 


numbers cheery 


have a serviceable present, and with due 
conservation they will continue to per- 
form an indispensable function in the 
future of man. But if the human den- 
tition breaks down, it will carry with it 
in its fall the human species. 

You must the 
teeth in order to appreciate them, and 
because this history epitomizes human 
evolution. The control of future human 
evolution is now in man’s own hands— 
or perhaps rather in his teeth. 


know the history of 


SHort History or TEETH 
Teeth are the most nearly imperish- 
able relics of the vertebrate body. If 


an animal’s teeth last until death, they 
will continue to defy the destructive 
action of time and the elements—some- 
times for millions of years. 
the soft parts of the 
rapidly. 


After death 
animal body decay 


The bones are much tougher. 
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But bones are frequently crushed int 
dust or dissolved by the action of chem 
icals in the earth. Furthermore, they 
are often and perhaps usually devoured 
by carnivorous animals for which they 
But teeth are sin 
indigestib! 


are a bonne bouche. 


gularly unpalatable and 
No animal eats them or, if it 
to digest them. They 
remain as monuments of extinct species 
This is peculiarly fortunate for the stu 
dent of evolution, since the teeth are not 
only the most durable, but also the most 
instructive of bodily parts. 


morsels. 


does, manages 


Teeth are derived from secales—as ar 
also nails and hair. In the shark 
of the most primitive of existing verte 


-on 


brates—the skeleton is still cartilaginous 
rather than bony, and the teeth are rows 
of modified 
which 


sharp-pointed scales 
other in 
fresh row rising up to take the place of 
But 
sharks the teeth form a sort of continu 
ous and blunt pavement. The kind of 
teeth which grow up in successive row 
are laterally compressed cones with cut 


and 


succeed each series, 


its worn-out predecessor. in som 


ting edges, at the base of which two or 
more smaller cones may be developed 
But in one existing and several extinct 
groups the hinder teeth have already 
developed blunt crowns for crushing the 
food. Sharks are next to the oldest 
fishes known, and first appear in the 
Devonian period—far back in the Pri 
mary era (350 million years ago, accord- 
ing to most recent radioactive scales of 
time). 

It is hardly necessary to state that 
teeth are primarily for the purpose of 
grasping food and biting it off, and 
secondarily for the purpose of chopping 
or crushing it up into pieces smal! 
enough to be swallowed and digested. 
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The mouth of an animal naturally is 
situated at the head end, in which the 
sense organs and nervous system are 
concentrated. This end goes first and 
the intake of food is conveniently at the 


prow or snout and the outgo of waste 
products at the stern or tail. A primi- 


tive vertebrate needs some sort of snout 
or projection of the facial skeleton to 
earry the smelling and biting apparatus 
well in advance of the visual organs. It 
is desirable to get one’s teeth and even 
one’s nose into his food, if one is a graz- 
ing animal—but never the eyes. So the 
snout is an ancient vertebrate inheri- 


tance—rendered obsolete only by hand- 
eding in the Primates and man. A 


long snout generally goes with a short- 
age of brains, over-emphasis of the sense 
of smell in brain area and a generally 
inferior zoological position. 

In the Devonian period, 350 millions 
of years ago or more, there also appear 
progressive bony fishes with teeth 
sharply differentiated in form from 
scales, covering the margins and inner 
sides of the jaws and the roof of the 
mouth. The marginal teeth are pointed 
with complexly infolded bases. These 
teeth are now often set in sockets. 

The most primitive teeth, such as the 
Shark possesses, are of a_ predatory 
grasping type. In later and more 
evolved fishes the jaws become adapted 
for various purposes—nibbling, grind- 
and the like. 

The first land-living, air-breathing 


ing, sucking, 
vertebrates seem to have developed from 
the lungfishes of the Middle Devonian 
This group of lungfishes is represented 
to-day by a few degenerate survivors in 
Africa, Australia and South America, 
some of which come up to the surface to 
take an occasional gulp of air, while 
others breathe exclusively through the 
lungs during the dry season, being im- 
mured in a sort of cocoon in the mud. 
Thus the first breathing may have been 
done in a mud hut. The teeth are the 
same as before—with elaborately in- 
folded bases. 
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Apparently as far back as the middle 
of the Devonian period some of these 
lungfishes got to living pe 
land, breathing continuously by means 
of lungs ins 1 of wills l 
around some w ! r | 
paired pe 1 pelv f S 
dles, props, and eventually 
Just how t ns de :, 

S Stl i MYST nu 1 \ l 

teeth changed ver S 

phibians, the t ! 
breathing vi brates 

They still rong p 3 
with sharp 1 ted ‘ 

eve I d p Int val S 
izations of types for erus y d 
invertebrates, her! rous 

catching, et tel 

The first repti ley l fi 
phibians Carbo) rous 
prin D 1] t ne } t 
stage, characteris f t 
the eggs of amphibia ! the 
water, and tft oy ing at f 
through gills and or 
bec me alr-bDl ng al l l 
Reptiles, on the contrat ; 
on land : ' 
ers from | Reptiles 1 
come upon t st , me 200 1 s 
of years ag 

In some of the early but 
forms the t ve becun ft 
infolded bases and have te to | 
come sin p! peg ke @ nes, I 
sockets, and a like 
The primitive reptile forms s 
been more or less predator 
nivorous. } ss of re 
of te i? different ms o 
to their | in the Jaws ly 
begun. Obviously, the teeth at the front 
end of the Jaws should be shaped for 
cutting and piercing, because that is the 


end of the jaws with which bites must 
be taken. These anterior teeth sweep 
through a greater are and with a greater 
velocity than the back teeth. At the cor 
ners of the jaw the primitive reptilian 
peg-like form tends to be preserved in 
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the canines or tusks—used for piercing 
and holding, and the front teeth may be 
modified into chisel forms for cutting— 
the The farther back in the 
jaw the teeth are, the greater the lever- 
age of the jaws and the more force may 
be brought to bear upon the teeth. 
These, however, move through a smaller 
are than the front teeth. 


incisors. 


Consequently, 


they are better adapted for crushing 
and grinding. If you have lost your 
back teeth, you realize that chewing 


with the front teeth is both public and 
ineffective. 

Some of these early reptiles began to 
be suspiciously like mammals. Instead 
their bellies, or waddling 
with their elbows bent and 
thrust out from the body, 
they managed to get their fore and hind 
well under their bodies, straight- 
ened them a bit, perhaps, and really 


of going on 
knees and 
sideways 
lees 
were progressive. They ‘‘got going.’’ 
They had two sets of teeth—not simul- 
taneously, but successively—even as you 
and I. One of these was a milk set to 
earry on with while their jaws were 
growing, the other a ‘‘permanent’’ set 
which was supposed to last them the rest 
of their and probably did, con- 
trary to our common experience. The 
mammal-like reptiles did not content 
themselves with monotonous rows of peg 


lives 


teeth, but boasted incisors, canines, pre- 
molars and molars—in fact, all the ree- 
and respectable varieties. If 
you do not this, go to South 
Africa and dig up a Therapsid from the 
Triassic beds. No doubt any one there 
ean direct you. 

From these advanced and progressive 
mammal-like reptiles—not slimly, crawl- 
ing marsh denizens, but dry land-dwell- 
ers—the mammals evolved in the Trias- 
period. Throughout the Age of 
Reptiles (say from 200,000,000 B. C. to 
60,000,000 B. C.—a few millions more 
or less, if you like) mammals apparently 
remained wretched and insignificant lit- 
tle creatures, of small importance in the 


ognized 
believe 


§1¢ 
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They were lying low 


zoological world. 
Probably the earliest of them were in 
sectivorous (insect-eating). They seen 
to have had 
five premolars and six molars, on eac!l 
and Probably the 
molar teeth had already begun to take 
on a triangular form 
suitable for crushing bugs. 

At any rate, in some fashion or other 
the molar teeth 
grinding and developed in the uppet 
and in the 
lower three cusps and a crushing basin, 


four incisors, one canine 


side above below. 


three-cusped 


became broadened for 


jaw three cones or cusps 
so that the upper and lower teeth effi 
ciently interlocked for pur 
1 


chewing 
poses. 

Because they were puny and crafty— 
or modest and self-effacing—these smal] 
insectivorous the 
underbrush and slunk out of the way of 
the giant reptiles of the Secondary Era, 
biding their time until they should de 
the world 
This period of incipient and suppressed 
mammals seems to have lasted for about 
140 million years—until 60 millions of 
years ago, according to radioactive time 


mammals skulked in 


velop into the masters of 


seales. During this long interval the 
tiny mammals developed in various 
directions in bodily form and tooth 


adaptations, but the stock which gave 
rise to the 
monkeys, apes and man) was arboreal. 
It is represented to-day by the primitive 
tree-shrews. 

Here I must deseant upon the advan- 
tages of arboreal life for a small mam- 
mal. 
paratively safe existence. 


Primates (lemurs, tarsiers, 


The forest nursery offers a com- 
Large preda- 
tory carnivores find it unprofitable to 
The 
but 


unable to 


chase the small animal trees. 
1 This unimportant to 


just stop to consider. If 


up 


may seem you, 


you are 


chew your food properly, you must either sub- 


sist on soft fodder and ‘‘slops’’ or swallow 
large gobbets, thereby putting a huge task 


upon your digestive apparatus. Simultaneous 


digestion and cerebration are incompatible, If 
all your time digesting 


you spend g, will 


never learn to think. 


you 


r low 
re in- 
seem 
anine, 
each 
y the 
. take 
rm 


ther. 
1 for 
ipper 
1 the 
asin, 
| effi- 
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agile climber is secure, providing he does 


not fall out of the tree. He can eat 
leaves, shoots, nuts, fruits, birds’ eggs 
and insects and birds, if he can catch 
them. Nests may be built and the young 
eomfortably reared. But more than 
this, arboreal life puts a premium on 
sight. Smell is the most important sense 
for a small ground animal, both for find- 
ing food and for avoiding enemies. The 
snout is both an olfactory and a tactile 
organ. The little animal ‘‘noses its 


way’’ through life. But supposing he 


climbs a tree! Smelling becomes rela- 
tively unimportant, acuity of hearing is 
not as essential as on the ground. But 


‘ 


the arboreal animal must ‘‘keep its eyes 


peeled’’! 

The insect-eating pre-Primates had 
long snouts with moist muzzles, eyes lat- 
erally directed, five digits on the hands 
and feet, two incisors, one canine, four 
premolars and three molars on each side, 
above and below. They were small 
quadruped climbers, long of tails and 
short of brains, with dietetic habits 
which extended to fruits, leaves, shoots 
and nuts as well as insects. 

From these humble little 
sprung the Primates, at the beginning 
of the Tertiary Epoch, 60 millions of 
years ago. At first there was nothing 
higher than lemurs—small arboreal cat- 
like animals whose descendants may 
still be seen in the forest of Madagascar, 
Africa and the Indo-Malayan region (or 
in the better zoological gardens). The 
lemur, however, represents a consider- 
able advance over the insectivore. Pri- 
mates are characteristically equipped 
with five digits on hands and feet which 
are provided with flat nails instead of 
claws and the thumbs and great toes of 
which may be opposed to the outer 


brutes 


digits in grasping boughs. This opposa- 
bility of thumbs and great toes is the 
secret of the manual dexterity of Pri- 
mates and culminates in the mechanical 
supremacy of man, although man’s foot 
has ceased to be a grasping organ. 





Lemurs are omnivorous. Pa 
contemplate 1 idval S bel 
able to eat most i I 4 | \ l 
live in a boarding-house, you know this 
already In the strugel r exist 
it often means survival. Even in hun 
society ag d digestion and a1 
to eat all kinds I I d i better thar 
riches or even intelligence The 1 ! 
lemurs have lower ineisor t 
lean forward and are supposed to b 
used for combing their fur; they have 
three premolars and three molars. Ap 
parently, when the teeth become diff 
entiated and the diet is gene! 
fewer teeth avail the animal. The « 
est lemuroids are found in the Eocene 
in North America—the first of the Ti 
tiary geological deposits. Now we have 


to look for them in out-of-the-way trop! 
eal forests in the Old World. 
The tarsioids are little pop-eyed cous 


} 


ins of the lemurs geologically about as 
old and in structure almost as primitive 


But they were more progressive and up 


standing, or rather upsitting. In the 
first place, they hopped from bough to 
bough, instead of running on all fours 
along the branches. That gave them a 
free pair of hands to explor: 

and wherewith to feed themselves and 
to pluck of fruits of the tree of know! 
edge. The tarsiers were, of course 
arboreal. The modern descendants are 


found in the forests of the Indo-Malayan 


archipelago. The number and kinds of 
their teeth are the same as in the lemurs, 
but the snout is shortened, the brain case 
is relatively large and the orbits tiie 
eye are directed forward, making the 
fields of sight overlap so that ster 

scopic vision results. Thes irslers 
went right on eating everything they 
could find in the trees and remained un- 
specialized in teeth, but began to special 


ize in eyesight, in tactile sense, perhaps 
even in common sense. At any rate, the 
habit of hand-feeding, the shorter snout, 
the better vision and the larger brain 
are all inextricably evolved in the organ- 
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ism of the little omnivorous animal. 
The tarsier is the infant prodigy of the 
Primates 

Out of some primitive but progressive 
the Eocene period (some 55 
there evolved the 
igher Pri- 
We 
may profitably pause to consider very 
briefly a 
Parapithecus, found in the Lower Oligo- 
cene of Egypt (dated about 35 

This little 
sented only by a lower jaw 


Professor W. 
at or very near the line of 


tarsioid of 
millions of years ag 
stocks which have led to the h 
mates and man 


] 
{MoOnKeYS, 


apes 


tiny fossil monkey, named 
million 


years ago 


animal, repre- 
and teeth, 
stands, in the opinion of 
K. Gregory, 
descent leading to the anthrop« id apes 
man. It may be re- 
as a generalized super-tarsioid, 
or pre-monkey of the Old World. It 


already has the human dental formula: 


and eventually to 


varded 


two incisors, one canine, two premolars 


three 
both j iWS. 


and molars, on each side and in 
[It has small and unspecial- 
ized canine teeth and blunt premolars 
molars which would seem 


and to pre- 


elude carnivorous or flesh-eating habits. 
Its incisors, leaning gently forward, and 
its low-cusped cheek teeth seem to point 
to a mixed diet—perhaps insects, fruits, 
In fact, 


birds’ eggs and small reptiles. 
. os 
omelette, en- 


it ate hors d’oeuvres, 

From such an early 
form the Old World monkeys diverged, 
specializing in different but 
in general tending to display an elonga- 
tion of useful in fighting 
and in piercing the rinds of tough fruits, 


trée and dessert 
directions, 
the canines, 


and a pairing of the molar cusps, four 
These 
molar cusps have now become quadrate, 
earlier triangular form.’ 

We need only two more steps in den- 
tal evolution to bring us up to man, but 
we have to ‘‘step high. The first of 
these is taken in the most ancient and 
primitive anthropoid ape—Pro- 
pliopitheeus—again a find of the Lower 


in each tooth, in groups of two. 


having lost the 


9 


fossil 


2 But four-course dinners do not necessarily 
demand four-cusped teeth. 


Oligocene of Egypt. This early anthr 


poid with the jaw-breaking name ma) 


have lived some 35 millions of years ago 


] 


this little ape ex 


Nothing survives of 
cept a lower jaw with its teeth, but it: 
lower canines were smaller than those of 
recent gibbons, its snout shorter and its 
molar teeth 


Propliopitheeus was no bigger than 


less specialized in form 


human suckling; he was a_ proto-ap¢ 


with a small brain and no chin; but 
that little 

teeth mark out the pattern of 
eventually lead to 


not Tut-ankh-Amen- 


jaw and those generalized 
develop 
ment which man 
Propliopithecus 
is Egypt’s crowning glory. 

The final step preceding the arrival at 
the human plane of dental and genera 
body development may be studied in th 
remains of the great Dryopithecus fam 
apes, from 
that th 
and man eventu 
ally developed as separate modern de 


ily of generalized giant 


likely 


seems most 


which it 
gorilla, the chimpanzee 
"I 

scendants. Remains of the Dryopithecus 
family are found in North Africa, in 
Europe and in the Siwalik Hills of In 
dia, at the foot of the Himalayas. This 
family was flourishing in mid-Miocen 
times—roughly 14 million years ago 
The stems leading to the mod 
Asia—the gibbon and the 

had previously diverged from tl 


rn apes of 
orang-utan 

com 
mon anthropoid-human t1 
the 


clearly show the ancestral pattern of th: 


‘unk. Jaws ol 


members of Dryopithecus family 
molar teeth which is found in the chim- 
panzee, the These 
apes had the same number and kinds of 


gorilla and man. 
teeth as you have, but the lower canines 
were large and pointed with erect tips 
The hinder premolars were bicuspid as 
yours are. The 
ranged with five main 
the outside, two on the inside, and some- 


lower molars were ar- 
cusps, three on 
times a smaller hinder cusp in the mid- 
dle. This is Professor Gregory’s ‘‘ Dryo- 
pithecus pattern,’’ which is preserved in 
the molar teeth of most fossil men, of 
many recent savages and in your first 
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ind second lower molars and In mine 


we still have them and are not too 


degenerate. 
We must 


‘sors of 


conceive these ceneralized 


man and the African 


apes as large Primates with pro- 
ecting jaws and only moderately large 


brains, who progressed through the trees 


bv brachiating—swinging by the arms; 
who had prehensile feet as well as grasp- 
They 


specialized in the tremendous elongation 


i] hg hands. were probably not 


the arms that we observe in the 


eorilla, the chimpanzee and the orang 


utan of to-day—animals which have dis- 


played the conservatism which limits 


evolutionary development and which has 
indueed them to remain tree-dwellers, or 
half-hearted quadrupedal ground-dwell- 
ers like the gorilla, long after their size, 
dietary re- 
fuller 


intelligence and 


strength, 


quirements demanded a and 


icher existence as erect, terrestrial 
Note that like Zaecheus, 


owes his importance to the fact that, 


bipeds. man, 
having climbed a tree, he straightway 
came down. 

One of these Dryopithecus lines had 
the supreme gift of super-anthropoid 
intelligence and initiative. 
took to the ground and eventually stood 
up on their hind legs, having developed 
stable supporting feet from the ancient 
Their 


and hands were set free for prehension. 


Its members 


Primate grasping organs. arms 
They began to use weapons and tools 

a step which initiated human culture 
and took the strain off their jaws and 
teeth, previously employed for offensive 
and defensive as 
purposes. Gradually the snout shrank 
back, and this recession seems to have 
been accompanied by an overgrowth of 
the brain. These are associated evolu- 


well as masticatory 


tionary phenomena, but the one did not 
necessarily cause the other. 

Some pessimistic paleontologists (by 
which I mean the ponderous pundits 
who study the remains of extinct ani- 
mals) think that the line of anthropoids 
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which cam i I m tT 
developed into man either 
branches or was pus 
estation of the area which i 
This is a very controversia 


I must place myself def 


side of the angels.’’ I do. ! 
full eredit evol ! 
forms, but I am < Vil 1 ft ~ 
the ability t sp an op] 
the gift initiative supre} S 
humanoid sto wi) ul 
On the path I in nit } 
orthogenesis, Lamarck s 
oO eT SO! } ‘ 
the Most Ot 1 

Now I am by no means contest 
that man devel p lfromas ! pu 
through shifting the form and functio1 
of his teeth r that he ate himself up 
to a human status. Nothi t 
Primate does or does not « 
teeth makes him a man or a gorilla But 


I ean determine whether you are a n 
or a gorilla as quickly and correctly by) 


] =. 
LOOKING at your 


any other feature of your anatom) 

any item of your behavior. In othe 
words, teeth tell the story of human ri 
lationship, but they do not explain wh: 
we have this possibly disreputable ar 


eestry. It is there, whether we admit it 


or not. However distasteful and discon 


certing these ancestral skeletons may be, 
they are there in the family closet 
THE 
> 
sut we must pursue the rise 
cline of the 
man 


TEETH OF Fosstz. MAN 

and de 
dentition through 
down to modern and 


human 
and 
degenerate times. 


fossil 
The earliest re presen 
tative of the humanoid stock of which 
Pithecan 


still nearly 


remains is the 
Java 
halfway down to the ape in brain size, 
but with a thigh bone which indicates 

8 Throughout this section I have levied a 
very heavy toll upon Professor W. K. Gregory’s 
work, ‘*‘The Origin and Ev yf 
Human Journal of Dental 


we POSSeSS 


erectus of 


thropus 


olution of the 
Dentition,’’ The 
Research, 1920, 1931. 
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that he strode erect through the forests, 
even as you and I over the pavements. 
He belongs back in the beginning of the 
nearly one million years 
kind of teeth had Pithe- 
We have only a couple of 


Pleistocene 
What 
canthropus? 


ago. 
molars to go by. They are large and 
with strongly divergent roots and fangs, 
but they alré 
tion and cusp reduction which is essen- 


ady show some degenera- 
tially human and not anthropoid, al- 
though one of them recalls to Professor 
Gregory the fine old Dryopithecus pat- 
tern. 

Somewhat more 
development than Pithecanthropus are 
the men of the 
Sinanthropus type, found in deposits 
of the Lower Pleistocene near Peking, 
and dating back probably to the early 


advanced in brain 


recently discovered 


quarter of that period—750,000 years 
These early Pekinese had jaws 
with incipient chins—a jump ahead of 
the chimpanzee, bath-tub shaped jaw. 
The canines were not projecting as in 
anthropoid apes. The molar teeth were 
low-crowned like those of a chimpanzee 
—the molar cusps in the lower jaw being 
five in number like the ancient Dryo- 
Curiously, the front 
teeth are ultra- 
degenerate, and the 
But the queer- 
Chinese 


ago. 


pithecus pattern. 
halves of the molar 
human or almost 
back halves are ape-like. 
est feature of ancient 
teeth is found in the pulp cavities of the 


these 


molars. The crown of a tooth is the 
part above the gum; the roots are 
sunken into the alveolar bony sockets 
of the jaw. Through the roots run 


fine canals into a central cavity which 
is filled with pulp—blood-vessels and 
nerves. The walls of the pulp cavities 
are of dentine or cement, and the outer 
layer of the crown of the tooth is hard 
enamel. In modern man and the apes 
the pulp cavities of the molar teeth are 
small and do not extend down below the 
crowns. But in Sinanthropus, and in 
the later Heidelberg and Neanderthaloid 
races, the pulp cavities are enlarged and 


the body of the tooth with the pulp ca\ 
ity is prolonged downward below tl 
alveolar borders of the jaw at the e: 
pense of the roots, which are short. 
This specialization is called taurodo: 
tism, because it occurs in animals whi 
chew the cud. It is exactly the opposit 
of the cynodont or dog-tooth 
found in the anthropoid apes and 
modern Must we infer that t! 
ancient precursor in China was a run 
nant? I think not. He 


conditi 
man. 


was probab 


omnivorous and knew neither rice n 
birds’ nest soup. But the importance « 
this specialization is that it seems 

remove Sinanthropus, and the ot! 


+ 


ancient types which show it, from t 


direct line of descent which leads 
modern man. 


like specialization of molar teeth is pec 


The premature herbivor 
liar to Sinanthropus and the low-brows 
Heidelbergers and Neanderthaloids. 

I do not propose in this article to pi 
teeth of type 
man, but merely to jab at a few sus 


over the every fossil 


cious and tender spots—marking signi! 
eant findings—as your dentist when 
is looking for cavities. 


In general, t 


successively higher types of fossil ma 
show a decrease and recession of t 
jaws, a gradual thrusting forth of t 
chin, and the change of the palate sha 
from a long, narrow U type found 
the apes and associated with snoutiness 
to a parabolic type in which the denta 
arches spread from front to back, 1 
doubt in correlation with the increasi: 
breadth of the brain case to which tl! 
jaws are hafted. The teeth themsel\ 
gradually become smaller, the 
wider and shorter, and the number 
cusps tends toward reduction in bot 
The molar teet 


} 


molars 


upper and lower jaws. 
also get smaller going from the first 
back to the third or wisdom toot 
whereas in some fossil types and anthr 
poid apes they increase in size fro 
front to rear. 

Probably the most striking chang 
from the anthropoid ape type to humar 
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type has to do with the reduction of the 
great projecting tusk-like canines, which 
in apes interlock, stop skidding of the 
iaws, and effectually prevent the lateral 
movements of the jaws 
primitive 


rotary 


and 
which are characteristic of 
man. but seem to be retained in effete 
principally among gum- 
and _ tobaceco- 
quid-masticating rustics. It is here that 
we run upon an unsuspected snag in 
navigating the little known stream of 
human dental evolution. For the Pilt- 
down skull, familiarly known as Eoan- 
thropus or the Dawn Lady, unexpectedly 
Pleistocene de- 


civilization 


chewing stenographers 


turned up in a Lower 
posit with a beautifully formed brain 
ease, complete with high brow and capa- 
cious brain, but with a chinless jaw like 
that of a chimpanzee and a projecting 
tusk of a canine which belongs in that 
The molar teeth of this anomalous 
and contrary female were low, narrow 
and long—highly 
chimpanzee—and possessing in the man- 
dible the five-cusped Dryo- 
pithecus pattern. But in some impor- 


jaw. 
reminiscent of the 
ancestral 


tant respects they approximate a human 
type. 

Confronted by this highly contradic- 
tory combination of ape-like jaw and 
teeth and wholly human brain 
some anatomical skeptics have attempted 
to eut the Gordian knot by attributing 
the advanced brain case to some pre- 
English Boadicea and the jaw to her pet 
chimpanzee. However, this view fails to 
account for the lady’s missing mandible 
and the ape’s lost brain case, and is 
based upon a mistaken idea that the 
course of human evolution sym- 
metrical in all parts—that all types ad- 
vanced harmoniously from the ape to 
the human form. We know now that 


case, 


was 


human evolution was a multiple and 
asymmetrical process, involving many 
different types struggling upward 


toward humanity, some precocious in 
one part of the anatomy and laggard in 
another part, while others displayed re- 
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verse combinations in the asst i I 
prematurely human and retat a 
thropoidal parts. Thus Pithe pu 
vot his human gait and legs bi 
attained a human size of bra ind 
Sinanthr pus was scarcely nun 

brain size but prematurely specialized 
on the human side in certain featur 
dentition. So we must P 
down lady iS a mysterious I 
who may be in our own ancest 

spite of her chit ess ¢] Impa 

and projecting canines. The pulp cavi 
ties of her molar teeth, like ou and 
those of our anthropoid cou S 


not enlarged. Her canines we! 


ning to shift from the sides of the jaws 
to the front and she n have el é 
to chew from the outside in toward t 

middle, as all g d prim ve me! l 
women chew. This is a sort of motion 
which can not be managed by tl pes 
on account of their interlocking can 

It is sad to relate that fossil n 

elacial times already Ss w clear hints 
of certain dental devenera | 

Ehringsdorf jaw, which may be 500,000 
years old or perhaps only 250,000 years 
shows definite decrease in size and de 
generation of the cusps of the third 
molar or wisdom tooth. Some of the 
Neanderthalers have upper third molars 


with only three cusps instead of the 
primitive four. 

However, the most shocking person in 
the 
Rhodesian man, dug up in a zine mine 
of South Central Africa 
with the most gorilla-like 
brow-ridges, the longest 


array of fossil ancestors is _ the 


and equipped 
beetling bony 
face, the 
palate and the worst teeth of antiquity. 
Not only has this fellow reduced and 
degenerate wisdom teeth, but nearly all 
his teeth have been attacked by caries or 


decay ; there were abscesses at the roots 


of many, and the ‘‘danger-line’’ was 
riddled with pyorrhea—a septic condi- 
tion of the gums which leads to eating 


away of the bony tooth sockets, loosen- 
ing of the teeth, the entrance of all sorts 








of poisons into the system through the 
nothing of 


Rhodesian 


to Say 
**pink _ toot This 
had an abscessed condition of the 
mastoid had drained 
right out through the bone. In fact, he 


absorption of pus, 
hbrush.’’ 
man 


region, which 


sorely needed a dentist. 
Tue DECLINE OF HUMAN 
DENTITION 


Savage or primitive types of modern 


forms of man have smaller teeth than 
the fossil men, but their palates are 
broad and eapacious, their incisor teeth 


meet edge-to-edge in most cases; their 
molars have four good cusps in the up- 
per jaw and five in the lower, and the 
third molars are usually not much re- 


duced and not greatly retarded in erup- 


tion. The good old Dryopithecus 
pattern of molar teeth evinces their 
illustrious ancestry. 

Civilized man has smaller teeth and 
frequently a small contracted palate. 
Usually the lower incisor teeth bite 
behind the upper incisors so that the 
latter overhang, giving rise to an ‘‘over- 


bite’’ and often, when they protrude, a 
*“buck-toothed’’ effect. But, worse than 
this, the lower and upper teeth fre- 
quently fail to erupt in their proper 


positions, so that they do not engage 
efficiently and permit proper mastica- 
tion of food. This malformation of the 
jaws is called ‘‘maloceclusion’’ and comes 
in a variety of forms. Its cause is com- 
plicated and obscure, but seems to lie in 
hereditary evolutionary tendencies of a 
degenerative nature, possibly induced to 
some extent by lack of proper healthy 
a con- 
soft 





exercising of the jaws and teeth 
of the excessive 
eooked foods. 

Malocclusion is principally a phenom- 
enon of modern civilization and it is 
increasing most alarmingly. It must be 
ecombatted. The dental specialists who 
are striving against this retrogressive 
tendency in human evolution are called 
orthodontists. Theirs is the difficult 


sequence use of 
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task of finding out the cause of this ma 
formation and eradicating its disastroi 


effects. They are most skilled to war 
and move and straighten teeth so as 
bring them back into efficiency a1 


symmetry, but as yet they do not kno 
how to keep them there, just where tl 
teeth should be moved and why th: 
erupt out of 
stance. 

The other two great manifestations « 


position in the first in 


the decline in the human dentition a1 
caries or decay and pyorrhea. Mos 


savages show few or no eavities in the 
teeth. 


by eating gritty food, until the pul 


They may wear their teeth dow 
They ma: tl teet 


cavities are exposed and the tooth dis 
and decays, but the primary caries—t] 
eating away of the tooth by bacteriolog 
eal or other destructive agencies in tl 
mouth—is extremely rare—at 
into contact wit 


least w 
til the savage comes 
civilization, missionaries, canned food 
groceries and candy. But nine out 
ten school children in the United Stat 
have decayed teeth, and civilized adults 
probably 100 
of mouths which contain mol 
carious teeth. This decay of the teet 
means the introduction into the syste1 
of poisons which cause rheumatism an 
a host of major ailments which may f 
low this primary infection. Yet no or 
to-day knows the cause of dental caries 
It may be partially a matter of diet an 
particularly caused by diets lacking ii 
one or more of the necessary vitamins 
But it is by no means exclusively due t 
diet, since primitive peoples living un 
der a wide range of dietetic conditions 
usually manifest few if any ravages of 
this terrible disease. 

Pyorrhea is a septic condition of th: 
gums, which is even more obscure in 
origin and far more difficult to treat 
than simple dental caries. The bacterio- 
logical agencies present are to some ex- 
tent known, but the cause is not the lack 
of use of a toothbrush, nor is the rem 
edy to be found in frequent scrubbings 


show nearly per cent 


one or 
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this } that illeged int septl 
paste. Of course brushing the 

S x butte ng baby S ( 
n not do anv harm ind ma a 
col rood This is always providing 
at the toothpaste used is not abrasiy 


r f such a nature as to attack the 


enani ()' eourse the teeth Si mild hy 
pt clean, just as the feet should | 


wuard the digestive tract are 
0 ] woahla + mas : } 
muc more vuinerable to germinal 
rsions than is the sku 
e facts that we must face are. in 
that human teeth al ra The human 


mout have become, » ssibly under the 
nfluence of civilization, the foei of in 
ns that undermine the entire bodil: 
of the species and that degenera 
tendencies in evolution have mat 
sted themselves in modern man to sue 
extent that our jaws are too smal 
‘the teeth whiel they are s ipposed 1 
‘commodate, and that, as a conse 
quenee, these teeth erupt so irregular) 
it their functional efficiency is often 


Plt rely or nearly destroved 


How To Stop DENTAL DEGENERATION 


In my opinion there is one and onl) 
one course ol acti n which will cheek 
the increase of dental disease and de 
generation which may ultimately cause 
the extinction of the human species. 
This is to elevate the dental profession 
to a plane upon which it can command 
the services of our best research minds 
to study the causes and seek for the 
eures of these dental evils. Such an 
improvement of the quality of the den- 
tal profession is an indispensable pre- 
requisite for the attacking of these tre- 
mendous pathological and evolutionary 
problems. No effective measures of pub 
lie education in care of the teeth can be 
taken until dental practitioners cease to 
be tinkers and learn to be scientists. In 
making such a statement I by no means 
wish to belittle the tremendous progress 
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dental schools have sul 
high. In the past many schools 
admitted high-schoo eraduates and s 
dents with only one or two years 
college preparation This low stand 
of admission implies a supply of i 
orily educated men and a comme! 
ized technical course, rather than 
broad background of general eduecat 


essential to the rigorous training 
professional school of medicine As 
result there has been very little scient 
research in the dental scho ana 

has been earried on has been principa 
commercial in its aim. The faculties 
dental schools recognize these shorte 


ines and are striving to raist 
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THE ROLE OF BACTERIA IN THE CYCLE 
OF LIFE IN THE SEA 


By Dr. SELMAN A. WAKSMAN 


PROFESSOR OF SOIL MICROBIOLOGY, RI 


[ue sea harbors an extensive popula 
n of bacteria, varying greatly in 
numbers and in the variety of their 
tivities This variation depends, in 
ease of the sea-water, on the distance 
m shore, depth ot water, season ol 
ar, abundance of plankton and uni 


rmity of mixing of the water, and in 
ease of the sea bottom, upon the 
ture of the bottom material, depth 
m the surface of the sediment, ete 
[hese bacteria take part in a number of 
cesses which are of considerable im 
rtanee in the life of the plant and 
nimal populations of the sea, namely, 
in the decomposition of plant and ani- 
mal residues, in the transformation of 
r nitrogen to such an available form 

as ammonia and of their carbon to ear 
n dioxide, in the formation of nitrate 
is well as the reduction of nitrate, in the 
xidation of sulfur and the reduction of 


sulfate, in the fixation of nitrogen, in 
the direct and indirect precipitation of 
ealclum and iron, in the formation of 
organic matter or humus in the sea bot 
tom and in the decomposition of this 
umus. To what extent these processes 
ire absolutely essential in the growth of 
plant and animal life in the sea still re 
méins to be determined. 

The study of bacteria in the sea in 
cludes a sexies of problems in bacteriol 
ogy and in biochemistry which are to be 
coordinated with other 

ceanograpiy, in order to establish the 


branches of 


role of the bacteria in the marine proe 
esses. In most instances information on 
Contribution No. 23 of the Woods Hol 
Oceanographic Institution and Journal Series 
paper of the New Jersey Agricultural Experi 
Station, Department of Soil Microbiology 
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SAMPLING TUBE 
FOR COI CTING, AT DIFFERENT DEPTHS, SAMPLES 
OF WA ; NDER STERILE CONDITIONS. 


tom material removed from their envi 
ronment and brought into the labora 
tory may give, within a very short 


period of time, frequently within a few 
hours, a bacterial population which is 
quite different quantitatively from the 
corresponding population in the sea it- 
self; a number of factors may be respon 
sible for this change. 

In the case of the bacterial population 
of the sea, as in the ease of soil bacteria 
or bacteria in inland waters and in sew- 
age, one deals with mixed populations 
and not with pure cultures. It is not 
merely sufficient to isolate an organism, 
ind determine what it does 
in pure culture; it is far more important 
to determine what it does in its natural 
substrate and how these activities dove- 
tail with the activities of other bacteria, 


eultivate it 


as well as with the whole complex mass 
of higher plants and animals. 

In order to illustrate the possible con- 
fusion that may arise from the investi- 
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vation of a single bacteria process 
the sea, it is sufficier o call atten 
the study of the ro bacteria capal 
of reducing nitrate in certain imp 


Inarine pr 


Drew concerning the precipitation 

CaCO, in the tropies and that Bran 
concerning the insufficient plankton d 
velopment in tropical seas, as compare 


with that of temperate and aretie re 


“ions, were based largely upon this ol 
Not only wa 
attached to 


othe 


bacteriological process« 


specifie bacterial pr CeSS 
considerable Imp rtance 


disregarding thereby numerous 


chemieal and 


involved, but an attempt was even mad 
to set up highly generalized theori 
concerning the whole 


system orf metal! 


olism in the sea on the basis of tl 
process 


Drew 


water 


1913 that. n 


ntaining nitrate 


shown in 


has 


medium ¢ 


seCad 


and ealcium salts of organic acids, pre 


cipitation of calcium carbonate tak: 


place. This reaction was found to be 
result of the reduction of nitrate b 
certain bacteria, which use the organ 


acid radicle as a souree of enere’y 


the basis of this experiment, the theo 
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Was pre pi st 
CaCO, in the chalk muds in the Bahama 
Florida, and 


‘ther places is due to action 


tf the coast of 


region, 


probably 1! 


of bacteria. Even granting that Drew 
was right in his conelusions, namely, 
that his experiments proved that pre 
cipitation of CaCO, in the sea may be 
due to the action of bacteria, he made 
two purely hypothetical assumptions 
not based upon any experimental evi- 
dence, which would tend to nullify these 


conclusions, as applied to large regions. 
These assumptions are that nitrates are 
produced in the sea in sufficiently large 
amounts and that sufficient quantities of 
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to bring about such an extensive p! 
ess. However, the activities of the ba 
teria are not limited by their 
but by the amount of available energ: 
and fav 


numbe 


the abundance of nutrients 


able environmental conditions. Lipma 
coneluded that caleium precipitation 

large quantities in the sea can be mor 
readily explained by purely physic 
chemical processes, although he did n 
deny the possibility that microorganisn 
may bring about, directly or indirectl 
the precipitation of some calcium ¢a 
Kellerman and Smith, who uy 
believed th 


are specifi 


bonate. 
held 
the 


Drew’s hypothesis, 


denitrifying bacteria 














organic acids are present in sea-water to ‘‘ealeium bacteria,’’ indicating thereb 
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bring about the dissolution of the eal- 
cium and to serve as an energy source to 


the nitrate-reducing bacteria. The mere 


fact that an organism can reduce nitrate 
in an artificial culture medium is no 
proof that this process forms an impor- 
tant phase of the activities of the organ- 
ism under natural conditions. <A great 
many pathogenic bacteria are able to 
reduce nitrate, although this substance 
does not occur in appreciable quantities 
in the blood or 
these bacteria are active. 


in other tissues where 


In criticizing this hypothesis, C. B. 
Lipman suggested that the sea does not 


eontain a sufficient number of bacteria 


RE. 


that the process of calcium precipitation 
plays the predominant function in th« 
Molis! 


went even a step further and describe: 


life activities of these organisms. 


various new species of bacteria on th 
basis of their ability to cause the pre 
cipitation of calcium. These conceptions 
are hardly justified, since the reactio 
unde 


of ealeium even 


Drew’s experimental conditions, is only 


precipitation, 


secondary in nature and does not forn 
an important phase of the physiology 

the bacteria. Further, in addition t 
various denitrifying bacteria, other 
organisms, urea sulfate 
reducing bacteria, are also able to bring 


such as and 
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ther Drew 


it the 
nately, nel nor those fol 
o him seemed to have been tamuiliat 
the fundamental Nadson 
Bacteria as Geological Agents”’ pub 


» 
OU vears ago, 


work of 


shed nearly which tended 

luminate this process 
lhe second hypothesis based upon the 
tivities of nitrate-reducing bacteria 
is even more far-reaching in its appl 
tion. Brandt was among the first t 
phasize the important part played by 
eteria in the evele of life in the sea 
He suggested the following explanation 

r the relative abundance of plankton 

the aretie and temperate regions and 
ts comparative poverty in the tropics 
warm regions, the denitrifying bae 
very active and destroy the 


thus bringing about a nitroge) 
inimum; in cold 
enitrifying bacteria are not so a 
the abundance of nitrate permits con 
siderable plankton development This 
ypothesis has had a considerable influ 


la are 
trates, 
regions, where the 


+ 
Lave, 


nee upon the subsequent development 
f research on the bacteria of the ocean 
Assuming that the observations concern 
¢ the relative abundance of the plank 
under different climatic 
correct, the explanation 


n in the sea, 
mditions, are 
egested is very much open to criticism, 
establish first 


su 
would have to 
formed in the tropica 


since one 

it nitrates are 
egions as abundantly as in the temper 
bacteria are more 


te regions, that 


ctive in the tropics and that more en 
‘rev, in the form of plant excreta or 
esidues, is available in the tropical seas 
those bacteria to reduce the 
itrate. Possibly the more rapid disap 
pearance of the organic residues in the 


enable 


tropical waters, due to the greater activ 
the the 
organie matter, more to do 
with this phenomenon than the activi 
ties of the denitrifying bacteria. Recent 
studies by Butkewitsch established the 
fact that nitrate-reducing bacteria are 


ty of bacteria decomposing 


may have 








TING SAN 


CONN Ef 








OF MARINE M ) 
CONDITIONS 


FOR SAMPLING 
STERILI 


rUBE 
UNDER 








40) THE 


‘ | i ( t ree s s 
ba nts Ss< LlnVvVes cy IS irried 
it t \\ s Hole Oceanovraphi 
Ins ul lit it i at 
ictivities MOS e I r reducing 
’ oy) ~ j ill ‘ re 
cu n ! te » nitrite nd not 1 

| SPe} re 
itl p ] l rove! 

| PN TWO USTrartTIoOns re en 

4 ! 

emp _ ! W ce 112) nN il swe! 
vations ! Tire i@TI1V] eS ( ne vl up ¢ 
bacteria isolated from the sea, namely 





PETERSEN GRAB 


MARINE 


FOR SAMPLING OF BOTTOMS 


organisms, ean be so 


the denitrifying 


magnified as to make them appear as 
among the most important members of 
the bacterial population of the sea. One 
should add here that Brandt’s hypothe- 
sis was not accepted by Gran and other 
prominent oceanographers, who demon- 
that the 


either insufficient or even contrary to it. 


strated available evidence is 


Tue Cyc.e or LIFE IN THE SEA AND 
BACTERIAL ACTIVITIES 
A graphic representation of the rdéle 
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of bacteria in thi 


in Charts ind I] ( 


is given 


shows the general relation the b 
rial activities to the interrelations 
f plants and animals in the sea ar 
the various degradation products 

i more detailed analysis of the sp 
marine processes in which bacteria 


chiefly concerned is shown in Chart 


CONSIStS three or Lps l 
sms ] producers mp! 
lal rely tne rop! be r { 
and algae wl build up real S 
stanees from the norgal nut! 
dissolved e watel ? ( 
ers or the hnimal repre ntatives 


the plankton which feed upon the 


or dead members of the phytop ! 
or their metabolic products; (3 


the bacteria, 


the | 


dueers,’* comprising 


decompose and mineralize 


] ] 
molecular 


compounds formed by 


producers and consumers. The last 


groups are in definite nutrif 

tions to one another (ne can e 
enlarge upon this idea and ine 
among the consumers also the hig 


} 


animals, which feed both upon p1 
ers and consumers ta wer 


among t] e reducers one can include 


only the bacteria of the plankt mn 
also the bacteria of the sea_ bott 
which take an active part in 1 dest! 


residues 1n 


popu at 


Certain groups of bact 


tion of plant and anima 


sea, as well as the animal 
of the sea. 
will also be found among the produce 


nitrogven-fixing bacte 


considered as « 


such as the 
bacteria may also be 


sumers, since they synthesize bacte1 
cell substance. 
group, namely, ‘‘transformers,’’ w] 

comprise those bacteria, like the nitrif 
ing, sulfur-oxidizing, nitrate-reduci 
and others, which play a most import 

role in the transformation of vari 
elements and compounds, aside from 


above three general processes 


One ean add a fourt 
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e plant popu f S 
esizes, under proper light conditions 
ranie substances out of ft » slmple 

ents ! iit 1 ( t) 

ble nitrogen compounds, soluble 

| sphates and other i1norgea ¢ salts 
'} eC animals 1 tne sea Wi y are 1! 
utilize the photosynthetic energy ¢ 

sun mus ! ( , 

materials necessary tor the constructiol 
their body substance from the plants 

either directly or indirect ; sore 

lower animals, su is cert 

minifera, radiolaria coelent ita and 

thers, actually carry living algae whiel 

svnthesize orgvanle matter il ra THUS 


serve tor the nutrition of their host 
After the death of the numerous plants 
and animals which inhabit the sea, their 
bodies as well as their excretion products 

e decomposed by bacteria living in the 
water, on the plankton or in the bottom 
sediments, as shown in the photographs. 

Among the most important activities 
of the bacteria in the sea are t 
position of plant and animal residues 
and the transformations of nitrogen 
By decomposing the residues of marine 
plants and animals as well as their 
waste products, the bacteria return, in 
a mineralized form, to cireulation in the 
sea, and in the atmosphere those ele 
ments from which the diatoms and algae 
inhabiting the sea synthesize their cell 
substance, namely, the carbon as carbon 
dioxide, the nitrogen as ammonia, the 
phosphorus as phosphate, ete. Without 
these actions of the bacteria, the sea 
bottom would soon become covered with 
a mass of dead plant and animal débris, 
and the limited supplies of available car 
bon (CO.). of available combined nitro- 
gen and of phosphate would soon become 
transformed into organic forms which 
are unavailable for growth of marine 
plants; this would result in cessation of 
plant life in the sea. In the process of 
decomposition of the residues, the bacte- 
ria themselves synthesize considerable 
cell substance, which may actually serve 
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f eXcre nh products, as well as the gelatin media were employed, soon 
dl bodies lowed by agar media, such as sea-wa 
velatin or sea-water fish extract gelat 
Metiops or Stupy OF MARINI and sea-water agar, with various mod 


BACTERIA cations. It was recognized. however 


Studies of marine bacteria have four an earlv date that the sea contains ma 


stinet ends in view: (1) determination bacteria which are unable to develop 
f the relative abundance of bacteria in the eulture plate. This led to the ad 
sea-water and in the sea-bottom tion of various dilution methods 
material; (2) detection of the specific speeifie enrichment culture meth 
nature of the bacterial population, More recently there has been a tende 
namely, the types of organisms that to use direct microseople methods 
nake up this population under the vari the enumeration of bacteria both in 
us conditions; (3) determination of the sea-water and in the sea bottom 
physiological activities of the bacteria The plate method presents cert 
isolated from the sea; (4 interpretation advantages but also various dist 
f the role of these bacteria in the cycle limitations. The fact that one ean 
f life in the sea itself. termine the numbers of bacteria wl 
In the study of the occurrence, abun- are actually present in the sea in a 
danee and activities of bacteria in such  jne state. after they are allowed to 
a medium as the sea, in which they oceur velop on the plate, and the fact that 
not in pure culture but as mixed popu-  ¢an isolate these bacteria from the p 
lations, the methods employed are of for further study of their morpholog 
considerable importance. These meth and physiological characteristics are 
ds are both direct and indirect. In tinet advantages of the method. H 


view of the small size of the bacterial eyer. not all the bacteria present in 


cell, the relatively extreme dispersion of sea are able to develop on the comn 


the bacteria and their comparatively low _ plate, some of the most important org 
numbers in the ocean, any direct exami isms, such as the nitrifying, su 
nation of the sea-water can tell very oxidizine. nitrogen-fixine. not de 
ttle coneerning the occurrence and ne at all: but even those bacteria 
abundanee of the bacteria; these cells are able to grow on the plate will 


should be coneentrated, by removing 
much of the water, either by centrifu 
vation, by filtration or by evaporation, 
before a microscopic examination is at 


tempted. Most of the methods com- 
monly employed in the past for the 


study of the abundance of marine bae 





teria were cultural in nature; here be \ 
long the gelatin and agar plate methods, 
the dilution method and the enrichment I 
eulture methods. Sinee no single me 
dium will allow the development of all 
the bacteria present. even in a smal! 
quantity of sea-water or sea-bottom ma- ' 


terial, various media have to be em- - 
ployed. The early investigators limited CROSS-SECTION OF ULV A LACTUCA 
themselves to eounting bacteria by SHOWING FUNGUS INVASION OF TISSUE; 


means of the plate method. At first the WITH HAEMOTOXYLIN AND CONGO RED. 
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| and torm ¢ oOhles Ihe plate 


d may thus give an unbalanced 


of the bacterial population 


sed. To meet hese objections 
{ any and others suggested the use 
direct microscopic method. This 


since 11 


d has certain advantages, 


sa more correct picture of the abun 
of bacteria in the sea; however, 11 
enable one to distinguish the 
the dead 


separate the various types of organisms 


es not 
ving trom bacteria or t 
further study of their physiological 
racteristies. 
To determine the specific nature of 
e bacteria, the enrichment or elective 
ilture method is usually employed; the 
sea-water or bottom material is added to 
medium of specific chemical composi 
n and the nature of the transforma 
the 
method is 


about in medium is 


This 


venient for the purpose of demonstrat 


tion brought 


‘termined. very con 


Yr the oecurrence ot specifie bacteria 1h) 


the sea. By combining the dilution 


iethod with that of elective culture, the 
abundance 


relative ff the specifie bae- 


+ 


eria can be estimated. This method was 
for the 


ind isolating 


ised purpose of demonstrating 
the 


now known to be found in 


some of most impor 
tant bacteria 


The 


replaced by the silica-gel medium. which 


the sea. solution medium ean be 
as found application in various inves 
earried out at the 
Woods Hole Institution 


No single method ean be 


tigations recently 
used for the 
study of the bacterial population of the 
whole. Various methods have 
to be combined in order to obtain an in 
‘ight into the nature and abundance of 

is population. For the study of the 
ibundance of proteolytic bacteria, the 


it 


gelatin plate may be used, for agar 


iquefying bacteria—the agar plate, 


the 


i1y 


silica gel cellulose plate, for demonstrat- 


2S. A. Waksman, €. C and H. W. 


ireyv, 


August, 1933. 
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to be adapted 


For study of the biochemical a 
of marine bacteria, met ds 
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specificity or the process unde! 
eration. These methods are in most 
stances adaptati ns o© met as emp 
in general bacte) ey The most 
portant phase the sub t 
namely the stu I ro 
teria nh marine nstori ns 
natural cond ! S scal 
considered at a 
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the process of the preparation of the 
plates or to their chance infiltration 
from land and from dust (wind), espe 
cially at places close to shore. The fact 
that the genera Aspergillus and Penicil 
lium occupy a prominent place among 
the fungi which were thus commonly 
reported adds further weight to the 
above conclusion, since these genera 
comprise the common dust and wind 
borne fungi. One need not exelude, 


however, the possibility that fungi play 
a part in the decomposition of algal 
material and Zostera, when exposed to 
the atmosphere, as shown in the figures 
Actinomyces are also either entirely ab 
sent or infrequently observed. Yeasts 
have frequently been found, especially 
certain Torulae, but their role in marine 
processes has been studied but little. 
The bacterial population of the sea is 
quite characteristic. It is distinet in 
nature from the population usually 
found on land, as shown by the more 
limited number of bacterial types found 
in the sea. Spore-forming bacteria, 


which comprise an important part of the 


bacterial popula 
cally absent in se 

may be presel I ! ceo 
danee in the sea botton 
it limited occurre 

rods and various type 
comma-shaped organs} 


up the major part otf t 


lation thus far stucdied 
bacteria! species 1? 
largely upon the spe 


water as a mediun 
these organisms 
Certes observed 
aerobic bacteria are 
ocean; no anaerobic 
Bacteria were found 
water to very consid 
namely, 5,100 meters 
mined that, on an ave} 
water contains 1,083 
maximum of 29,400 an 
0. More bacteria were fi 
ter than ii 


marine bacteria were shown 


phologically and physiol 


from the land forms, most 
eurved or spirilloid in shape. 
In 1892, Russell demonstrate 


sea mud contains ereater 


bacteria than the above 
a depth of 50 meters, 
121 bacteria in 1 ee of 


ee of mud eontained 245.000 baecté 


Russell believed that the 


upon the mud in the form 
vegetative cells from the upper layer 


water. The nature of 


depth were found to influence the 
ber of bacteria considerably. 


these bacteria were proteolytic and 


able to reduce nitrate 


cording to Bertel, away 


in the open sea, the bacteria increas 


numbers with depth. <A 


enee in the numbers of bacteria 
water and in sea mud was also repo 
by Smith, Bavendamm and others. 
many as 16,000,000 bacteri: 
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particular attention. 


BACTERIA IN 


1 gram mud fron e mal 
swamps ) the Ba lI s \I in\ 
S aacterila vel STl O var 
ng, pointing 1 1 r capacity ol 
posing rie rgan complexes 
are synthesized s indantly by 
eae in the st 
1 recent St i iT i I 
\ s Hole Inst t t was found 
ean W rs s ind and 
. nt dept! pre le agitation 
bottom by currents na yave 
ns, the numbers ¢ act ( 
Stila I. usual ] ll l l l ev 
Ss pel l ¢ I ite! e dept ( 
ter and the nature the sea bot 
! ire Of importanes n this connec 
Along shores receiving conside 
ind drainage the numbers ine 
oreater The botton leposits 
vy the m id bottoms ire muel 
er in bacteria than the waters A 


arked parallelism was found between 


vanisms and the abun 


plankton or 


ce of bacteria in the water. as 
relation between 


ter or humus content of the mud 


} 


| the abundanee of bacteria 

Among the specific bacteria commonly 
the ‘ 
nitrifying organisms have attracted 


Che fi of 


ind in the nitrifvine and 


seCd, 


rmation 


nitrates in the sea and their disappear 


ince have aroused considerable interest. 


| ; 


i 


recent 
fact that 


tself. Thomsen 
Lipman and others established the 


t} 


was at first believed that the nitrates 


re brought into the sea from land or by 


tmospherie agencies. However, more 


evidence seems to the 


point TO 
is | 


nitrate formation 
of bacterial 


argely a 


esult activities in the sea 


} 
; 


Issatchenko, 
fact 
are 
the 
i, they ean be readily demonstrated in 


and later 


bacteria 


at, although nitrifying 


ot found in the surface waters of 


» sea bottom. The investigations car- 


ried out at the Woods Hole Institution 


eem to point in the same direction. 


As to the bacteria capable of reducing 
H. W. Reuszer, Biol. Bull., 


1933. (In press 
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ittention. Ber nd Keu 
the first sola m t 
aerobic Azotobacter and 
Clostridium pa } rp 
organism occurring irvely 
ton and the s ! thre 
of water Keutne Ke 
Issatchenk iter iemons 
Azotobacter cells are found 
aleae growing In the s t 
frequently true Closti 
accompanving bacteria rorms 
believed that a certal 
sis exists betwee! the aigae 


Azotobacter, similat to tha 


nodule bacteria ina 


A typleal cu 


plants 


nitrogen-fixing bacterium, A 
chroococcum, isolated Irom 
water, in the neighborhood W 
Hole. LS shown In the aCe? Inpal 


firure | 
ot 


vet been definitely establishe¢ 


f yy ; . 
nrortunately the 


these organisms in oct 


an 


occurrence water and 


hott 


in 


ata 


under different cond 


mh 


ture ot the 
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{FOTOBACTER CHROOCOCCUM 
OBIC NITROGEN-FIXING ORGANISM, ISO 
LATED FROM THE SEA, x 1650 


different depths and at different tem 
peratures, as well as the conditions in 
fluencing their activities, still remain to 
be determined. 

Among the bacteria capable of bring 
ing about the decomposition of marine 
residues, the agar-liquefying organisms, 
which are particularly abundant in the 
phytoplankton, have attracted consider 
These 
capable of producing an enzyme which 
the 
plex carbohydrates which form the im 
the 


the sea of 


able attention. bacteria are 


liberates soluble sugars from com 


constituents of marine 


The 


cellulose-decomposing, of 


portant 
plants. occurrence in 
fat-splitting, 
of proteolytic and of various other bac 
teria has also been established. 


PLANT AND ANIMAL 
RESIDUES AND TRANSFORMATION 


or NITROGEN 


DECOMPOSITION OI 


In order to understand the mechanism 
of the decomposition of the 
residues, it is important to know 
chemical Among the 
of the phytoplankton in the sea, the 


organic 
their 
nature. members 


diatoms are most abundant in the colder 


MONTHLY 


Schizophyceae are present largely in 


while thi 


regions, 
warmer regions. The chemical com) 
tion of 
and zooplankton has been rep 
Brandt 


several members of the pl 


as follows 


ra) 
( é mistit 5 
el f 
{ ( r ( 
mater 
I 
Pm + & 
Proteil ) 
Chitin : 
Fat x 1 
so ble ho 390 0) © 
C . 11.5 
SiO j 
s and oO ‘ S 
n ( ils 7 5.2 } 
7] . { 
In general, the organic carbon of 


plankton is found 


#8 per cent., the nitrogen from ] 
10.6 per cent., and the ash from 15 
69 per cent, The diatoms are richest 
ash and lowest in nitrogen, while 
zooplankton is low in ash and hig 


protein. Only the Peridineae cont 
cellulose, while the hemicelluloses 
the , 
drates among the diatoms and the \ 

Fats 


present abundantly, while the nature 


} 


most abundant group ort carb 


1 


ous lower and higher algae. 
the proteins still remains to be stud 
It is of interest to note that 1 
dry matter in the plankton corresp 
to 500,000 copepods, to 65,000,000 p 
dinia and to 675,000,000 diatoms 

It is of interest to compare the ab 


eram 


analyses with that of a typical ma) 


alga, namely, Fucus vesiculosus 
table on p. 47). 

When the dead plants and the 
mals. their exereta. the various resi 
and degradation products undergo 
composition in the sea by the actior 
the bacteria, a number of organic 
mineralized complexes are formed. 
part of the organic substances may 


come soluble in the sea-water. wl 
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( nst ? 
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S } mate 6 7 
r-s ible y r 
S ray 4 

x 
nl 27.5 
ie 
l ; 

‘ \ f ns resel gre 

col x d rmined by t d 


f the residual substances as we 

s the synthesized bacterial cells ma) 

p to the bottom and contribute to th: 
rmation of the marine humus 

Important 


The most compounds 


rmed in the process of decomposition 
the marine plant and animal residues 
re ammonia, carbon dioxide and phos 
ites; the ammonia is oxidized by cer 
and the 


in specific bacteria to nitrite, 


nitrate These comp uunds are thus 
ide available for the nutrition of the 
irine plant pe pulath n. 


hyvtoplankton and the algae. Rabe) 


namely, the 
nd a number of other investigators 
emonstrated the fact that the deep 
ater in the open ocean contains more 
trate and phosphate than the upper 
vers in which phytoplankton organ 
isms are active; the North Sea waters 
ntain more nitrate and phosphate in 
the summer than in the winter months 
According to Brandt, the nitrate of the 


SPD 


ais continually renewed by rain and 
bv rivers; he suggested that the denitri 
fving bacteria reduce the concentration 
nitrates in warm regions, which thus 
iwccounts for the reduced phytoplankton 
‘oduction. Harvey concluded, how 
ever, that the introduction of nutrients 
om land into sea plays only a minor 
part, when compared with the quantity 
nutrients formed yearly from the 
ul organic residues in the ocean itself 
After death, the algae and the animal 
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A} » 30 DAYS OF DECOMPOSITION, x 400 


the suspended bacteria, protozoa and 
unicellular plants present in the water 
Although a part of the organic matter 
in solution may be liberated by the 
algae, there is no doubt that another 
part is produced by the bacteria in the 
process of decomposition of the plant 
and animal residues in the ocean. 
Another source of organic matter in 
the sea is the marine bottom. This or- 
vanie matter can be designated as ‘‘ma- 
rine humus,’’ because of its similarity 
in chemical nature, and probably in ori 
vin, to the humus found in soils. The 
coneentration of this humus in the ma- 
rine bottom varies considerably, namely, 
from 0.5 per cent. in the case of sand 
bottoms to nearly 10 per cent. in the 
case of certain mud bottoms. In some 
localities, such as protected harbors o1 
fjords, the mud bottom may contain as 
much as 20 per cent. humus. This 
humus is best ecaleulated from the or- 
ganic carbon content, by the use of a 
certain factor. Boysen-Jensen suggested 
the use of a factor of 2, assuming that 
the carbon content of the humus is 50 


per cel Ho he 
ical composition of the humus brou 
out the fact s rs ild 
ver than 2, nar 1.923, due 
presence in the humus ol iwnin 
complexes with a high carbon conte 
()) I the most Important harar 
STICS O1 S marine humus Is its ¢al 
niti en ratio Bovst Jensen f 
this ratio 1 val from 8:1 ft 12 
vith an avera b 10:1] | 
res S ‘re fullv confirmed b the 
vestigators WI e reealls the 
that a sin ir rat f carbon to 1 
ven holds also for soils, the similarit 
the marine Imus soil humus beco 
evi more appa t Orval comp 
similar to those found in soil humus 
also be isolated from the marine hun 
There are several reasons for the s 
larity: (1) a part « e marine hun 
is of terrestrial origin, being brov 


into the sea by streams and rivers: 


the marine humus, just as the s 


r 
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~ s rier 1) sll il ] l ‘ 
isms 1n a very similar manne} 
oe ‘ } IN 
in differences observed in the chen 
iture t the nu e 4 , PAS \ | g ' ' 
ted for by el it marn 
es, from which all or part of tl \ , 
s is formed, are different in chem 
mposition from the land residues P 
which all the soil humus is formed \ 
rvanic matter ins ition in the f ) 
iter as Wet Ss the humus 1n tiie I 
Play 
re niv SIOWLYV acted upon nv har 
sius & s 
otherwise neither form of organic i] VW 
tter eould be present In vreat abu Phvsies f 
‘e in the sea. However, even their Pres 128 
slow decomposition is sufficient to pro : 
certaln amount Ol available - 
AN 
rey and nutrients for various bae . wall 
iving in the water and especially R i a 
ne sea bottom V 
Truly, the life of the plant and animal Krog l 
‘ld in the ocean is variously depen- 
| “oy a ; egie Inst. W 
ent upon the manito d activities of the 70101 10 
‘eanie microscopic population composed a5 ] Q 
principally of bacteria sms as G 
The author is indebted to Mr. C. E etersburg 
Renn for the preparation of the sections 
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the marine pl int material and to Dr 
H. W. Reuszer and to Mr. C. E. 


? ; 


Ren 
le preparation of the pl tographs 


sed to illustrate this paper. 
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MEAT RESEARCH IN THE UNITED STATES 


By E. W. SHEETS 


k 4 SBANDRY DIVI 

S PA 
AN avowed purpose of meat researc! 
is I adapt the products of the stock 
erower to the changing needs of the con 


sumer, 


Of equal importance is the prob 


lem of producing Those preferred meats 


economically under the varied conditions 
prevailing in feed lot, range and forest 
These aims are no different from those 
that obtain in other industries. Manu 


facturers all endeavor to develop a bet 


ter product and to produce it more eco 


Edison’s carbon filament. 


nomically 


incandescent lamp, revolutionary at the 
time, has long since given way to tung 
sten. Automobiles, tires, gasoline, roads 
and even traffic police must change to 
meet the changing needs of a changing 
world. Meat has changed too, particu 
larly in size or weight of eut, but the 
hunt for a tender steak or a juicy roast 
is still a hunt in the minds of many con 
sumers; too much a hunt for the satis 
faction of either those who eat or those 


Meat 
stock and 


] 


Ss 


who produce the meat research 1s 
the effort of 


dustry to standardize its goo¢ 


the live meat In 
A third responsibility of meat research 
j ot 


needs—a continuing 


live stock 


] + 


adjust 


is to ald in the tation 


to 


adap 


current 


ment that will give permanence, elast 
itv and soundness to the farming pro 
eram of the nation. Live stock on grass 


offer to-day a solution to the problem of 


cultivated 


erop surpluses. Each acre of 
crop land converted To meadow er ps 
and pasture will yield approximately 


half the live-stock feed it did before 


Since 70 per cent. of the total quantity 
of harvested crops grown in the United 


to live stock, general con 


States is fed 
ot 


meadow will result 


version crop land into pasture or 


in less total live-stock 





BUREAU OF 


pasturage al d | 


use ol 


production 
Oo! 


aXimul qu 


tities ay crops ani 


] 


minimum of grains in live-stock prod 


tion must not be done at the expenss 
quality, however. It is here that m« 
research is e¢alled upon fT play an 
portant role 
Meat researe] VrYoes DAacK the | 
ty 


muscle 


hunter who discovered that 


l 


the back of his kill was more tender t 
pieces from the shoulder. The invent 
of the first broiler (the forked stick 
maker of the first stew in a clay VeSS 
of the first cured ham, brine down 
line of meat investigators to the ten 
ness comparisons of Lehmann in Gi 
many before 1900, to the kine stu 
of Grindley, Majonnier and others 


analyses ol! 


for the U Dep 


Illinois in 1907, to the 
food value of meat s 


ment of Agriculture, by Atwater 
Woods in 1894 and 1896. and La 
worthy and others after 1900 


Contemporary meat research inelu 


. et the ff 
projer s f etl 


among 


Sehmidt and hi 


many 


al ’ 
IS colleagues In Gern 


to develop strains oft hows with a vreatl 
to Té ol 
organizations to 
1; 


il 


and 


proportion of lean it 
Danish cooperative 
prove, through both breeding and cur 
Wiltshires hic] 


land 


the quality of which 


country exports to Eng 


To Dr. Moran and associates in 
Low Temperature Laboratories in ¢ 
bridge, England, we owe mueh for t] 


study of the effect of freezing and st 


age upon meat shipped long distan 
] 


They have added to our meager kn 
edge of what meat really Is 
Meat is a complex and, as yet, rat 


We have seen its o 
il prop 


puzzling product. 


eral structure, noted its phvsice 
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( » ¢ oO oO OF | ( ( 
eS nd studied the composit 1 of} i eal ’ 
umber of substances found in it Yet results, discuss methods 
intil recent vears we have not been able vVanees tor thy mil e 


make definite COMparise s of muscle The plan I wl 


» learn the effects of bre ne, Teeding ee parts . 
ind management upon palatability and processing storing free 
food value One reealls the definition ete ind of cn ; til 
f electricity given by the old higl Value and econom 
school physics teacher: ** Electricity is a sures used 
strained condition of the atmosphere i Cattlh hoes sheep 
and around the thing electrified.”’ Ow breeds. ages and sex are 
lefinition of meat was almost as vagu under sin . Vay 
hen this meat research was begun tions and met : f » 
Eieht years ago the National Live aiso compare \t? l 
Stock and Meat Board, which represents feeding . 
branches of the live-st ek industry are ss ‘ 
ed a meeting t ‘consider the estab ind test 
shment of a cooperative meat researc! res] ~ ohit lan s 
program Represet latives were present I 4 | 6 ( 
from the state agricultural experiment perature ! . re 
stations, the Institute f American Meat Samples are the roast 
Packers and the | a) Department ol met as sulte t the | t | 
\griculture. Organization was effected examp : 
program adopted and each institution to the rare st 
ndertook those studies in which it was at the center re sters 62 { 


st interested and hesxt equipped (dnee by i spe t thern I] 








Slices [Vol Thies ! ists are eaten ana 


i * aroliia, 
texture, flavor, tenderness and juiciness 
A cooked san pie IS also tested mechan 

y for tenderness 1n a power shear 
Mechanical tests for juiciness are being 
developed 

\t the beginning of the experimenta 
breeding period a vrade or description Ol 

conformation, character and fatness 
e lmalvicdua animals is reeorded. 
Che same is done at the close of the feed- 
Ine period and after the ecareass is 
clressed., These characteristics are then 
compared with the yield and palatability 
of the meat to determine the visible evi 
ences of quality. 


] 


Physica] and chemical analyses ot 


carcasses, Or representative samples, 
vive an accurate cheek on composition, 
fatness, as it relates to 


vrade, yield, cooking losses, cooking time 


particularly 


and palatability 
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Quantitative cd 


tent of the various 


tissues, enzymes and 
developed to the st 
Neithe 


a comparative hist 


be applied 


been pertected 7 


tween mposition 


provide a means for 


age where tne\ 
r has technique 1 
logical examinati 


he relationship b 


and strueture ma 


determining tend 


ness, flavor and juiciness more ac 


rately than the met! 

Another difficulty 
vidual variation in 
acter of the experime 
is more difference 
animals in the same 


averages of the two 


iods now used. 
has been the ind 


the inherent cha 


ntalanimals. The 


between individu 
lot than between 


lots. We are tore: 


to use larger numbers in each lot: to d 


pend upon the law of averages to offs 


the error of indivi 
more uniform exper 
be produced 

The hope of obta 








lual variation unt 


imental animals ear 


ining more unifor? 








A BRAHMAN CROSS 
BRAHMAN BLOOD FROM INDIA HAS BEEN TRIED TO IMPROVE THE RUSTLING (¢ 


DRY, HOT, TICK-INFESTED AREAS. 


APACITY OF STEERS IN 
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experimental animals had its genesis 1 the Universit: ( ( x1 
. uur first disappointment over the varia sive inbreeding invest 
tion among steers of the same breed an Bureau of Animal I st 
age—steers that looked alike but per 20 ~vears ag He starte vit 5 
formed differently That disappoint matings and continued Db prot r-SIst 
ment made us think of other animal ma matings These fan 
terial which possibly might he better closely bred ~t ong that. thoug! nity } 
adapted to the workine out of some of of the 35 original matines re} n, pra 
the complicated details which confronted tically ; Variations in « fert 
us. Our minds went back to guinea-pigs ongevity al ( 
upon which Dr. Sewall Wright, now of due to here 
a | 




















LOW QUALITY BEEF RIB HIGH QUALITY BEEF RIB 
CONTRAST SIZE AND SHAPE OF MUSCLES AND THE F M NG AND OF 
AMOUNT OF FAT WITH THE HIGH QUALITY BEEF LAYERS ow EFF 0 


RIB. ‘ F 
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CORRIEDALE RAMS 
‘HESE EXCELLENT MUTTON SHEEP ARE BEING TRIED TO INCREASE 1 VOOL CLIP OF LAMBS FROM 


NATIVE EWES. 


From this work we now know that such number of animals and amounts of fee 
characteristics as fertility, rate of gain’ No state station is in position to mair 

and rate of maturity are influenced by tain and feed the progenitors of severa 
inheritance. The principle has been ap-_ strains of cattle or sheep or hogs unt 
plied in a similar system of breeding progeny can be matured and tested. T! 

with hogs which have reached 6 genera- Department of Agriculture, howev 

tions of brother-sister mating One possesses, through transfer from the W 
strain of Chester Whites has not only Department, 56,000 acres of Montar 
maintained the quality and growthiness range that was formerly Fort Keogh } 
shown by the foundation stock but has frontier days. Adjacent to the depart 
actually shown improvement in these ment’s 28,000-acre sheep station at D | 
respects. bois, Idaho, are extensive mounta 

Studies on different breeds and strains pastures made available to the expe 

within the breed utilize an increasing mental flocks through the Interior D } 


— ee — 











COMMON TO CHOICE LAMB RIBS 


NOTE DIFFERENCE IN SIZE AND SHAPE OF MUSCLE AND THI NESS OF FA 
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irtment. Less expensive arrangements — tive pigs from different litters. Handled 
» maintain cattle and sheep would be under the same conditions the ave re 
fficult to make and the 30-0odd mem dal Vv gain of the 4 pigs selected to repre 
ers of our cooperative research program sent each of 12 litters ranged from 0.46 
in look forward to the day when the to 1.41 pounds and the feed consumed 


iblem of individual variation in ex- per hundred pounds gain from 360.7 


imenta inimals will be creatly pounds to 503.6 pounds The viel f 
ssened low-priced fat back varied as n 
\ product of this breeding work has 2.9 per cent. a f the mo) en 
en the discovery that strains or blood ham 2.3 per cent ‘he superio1 eS 
nes vary as to efficiency in the use of are beine preserve ind crosses n the 
teed and desirabilitv of the meat pr theo tha l on 
ed. Progeny of the different strains produce, sometime, st rhet 
fed and tested in what are ealled We aim for uniformit n experime 
‘record-of-performance’’ trials. For ex stock We ) n addition 
mple, calves from selected matings of duce pul . rs ‘ 
Tl heef and dual purpose cattle are in sheep 1 il \ mia cheapel 
vidually fed inti! the, reach ) vield aft} } re te) e) , ’ «ft 
ds live weight They are then chops 
iwhtered and their meat tested ae Some of the facts alr 
rding to the regular procedure Tl e from these meat studies are ontrat 
‘essing percentage ol 14 beet tvpe ideas and be ets min nie cept 
ves ranged from 57.6 per cent. to 61.9 the trade (one it the most sti 
r cent. and the tenderness of their deals with the color of the lear 
b roasts from ‘‘moderately tender’’ beef seef lean after ben t 
rough ‘‘tender’’ to ‘‘ very tender.’’ me half hour is normally a bi 
Similar variation was also shown in cherry red. Occasionally some st ! 
average performance of representa eifer careass Ww show muscling of a 





dark or almost blackish 


red. The @; 


for these aark cutters IS aS vet unde 


termined, but dark meat has always been 


classed and sold as tough and inferior 
regardless of its decree ot youtl finis] 
r contormation 

Qur investigations have shown that 


dark beef is just as palatable and tender 


as bright beef of similar quality in other 
respect In fact, after they are cooked, 
dark and bright beef can not be distin 
guished either in appearance or eating 


It is true that the beef from old cattle 


tends to be darker and may be lacking in 


tenderness, but to paraphrase and abbre 
viate the adage about the crow ‘‘all beef 
that toug'l We hope t 


is dark is not 


discover and eliminate the cause of dark 
cutting beef because it is unattractive 
and less appealing to consumers. That 
seems. however. to be its greatest fault 


Another point in which our results do 
not conform to accepted standards is in 


fatness. The meat trade has 


reevard to 


always assumed that the more fat a eat 
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learn more about the effects of fatter 


on tenderness, flavor and juiciness. O 


results with three-year-old steers 

vTrass alone. compared With those 

grass and a supplement of grain, is 
vood illustration. The steers fed er: 
were heavier, Tatter, more attract 
and dressed a higher percentage OF ¢ 
cass than those given only pasture 7 
rib cuts trom the grain-ted steers a 


] » p 4 + } 
lyzed oo.) per cent Ot tat. nose TT} 


the other lot only 30 


standard rib samples used rr COOK ' 


ive raved 1? 5 )) 


inds in we 


fatter steers and ONIN 10 p sunds I! 

the thinner eattle Here is where ft \ 
consumer becomes interested The 1 S 
pound ribs contained Just aS ma! S 
pounds of lean and protein as t ' 
weighing 25 pounds more and no n 

bone. In other words, the food valu 

the ribs, excepting for the fat, was j « 
as great in ribs that would have weig! 

less and cost less to buy The palatal at 
ity of the two sets of ribs was very sin 

lar The additional fat did inereas ™ 














cass carried the better the meat. That is slightly the richness of the juice, but 1 ' 
largely true. Amount of fat is a good difference was too small to offset the of 
guide to purchasers who are not familiar tra cost of those heavier ribs } . 
with all the indications of quality. Fat Thinly fleshed eattle and lambs r 
meat is usually ‘‘well-finished’’ meat. given the poorest flavored meat that 
There are some exceptions to the rule, have handled through the laborato: 
however. We will be able to give con In contrast, among the best, if not t | 
sumers more value for their money as we — best, beef was from six show steers, | 
L 
Sy 
TIN 
IN 
CO! 












PINEY WOODS ROOTER 








) fnis Our fact 


MEAT 


RESEARCH 


S are too Tew to warri 


IN 


finite statement as to the devree 
ess that will give the product 1 
s test consumer value. Results to-d; 
a ‘ate, however, that, although 
sing fatness 1s desirable. it ¢ 
‘some conditions, cease to be V1 
nd become another ‘‘surplus 
l \ brief Summary of some of the 
sults already obtained illustrates 
ind purpose behind the resear 
} wram that is beine condueted 
eNt cooperating s ne ! ? 
reanizations 
Neither breed nor character of rat ! 


is far as the stu 


is been found ti 


to be in the weight. dressine per cen 


» } ferences in the pi 
‘he chief dis 

mbs and calves 

. instead of *‘impr« 
attractiveness an 

of the careass ra 


ability of the me: 
} Heifers fatter 


steers, but the m 


dies have been earr! <] 


» cause Slenificant « 
ilatabilitv of meat 


advantag 


e of we 


produced by ‘*serub’’ 


ved’ breedine appears 


(| storage adaptability 


; 


ther than in the palat 


il 


1 more quickly than 


eat from the two seXes 














PHOTOMICR¢ 
M 


SHOWING BUNDLES OF MUSCI FIBERS, CONNI 


hn =" | leone, 


TIVE TISSUE AND FAT 
IN THE ARRANGEMENT 
CONSTITUENTS THAT 


QUALITY OF MI 








IGRAPH OF BEEF 
USCLE 


. IT IS WITH VARIATION 


AND CHARACTER OF 
SOMI MAJOR PROBLEMS 


AT AR 


— 


S 


ESE 


IN 


THE UNITED STATES 





ing the mutton q 


Suckling lambs 


just as large 


desirable neat 
Yrain 1 
ml k 


W heat prod 


firm and palatabl 


Sott and 


ing peanuts 
as desirable fi 
roasted Tres} rie 


dueed by Cor?! 


ods 


has heen (i1TeCSSeC¢( 


animais that the st 


and present the 
4 


ILS most pa 


chantable forn 


cutting, curing an 


Importance 


wholesome ani 


divide the muscle: 


can secure just f 


val 
on 0) ? 

‘ iT 
Cat! 
ana 











HARD, SOFT AND OILY LARD 


DIFFERENCES IN FI NESS ERE DUE TO RATIONS 


FED 


needed for broiling, roasting or stewing; 
curing and ripening to develop the maxi 
mum flavor and tenderness inherent in 
the meat 

Adaptations of refrigeration units 
have been devised to meet the needs of 
farm eommunities and of individual 
farms and plantations. A decrease in 
the spoilage of farm-cured meat and an 
increase in its palatability have resulted 

Cutting meat so that the muscles will 
be divided in a manner that provides 
cuts sultable for small families is a move 
in the direction of more complete utiliza 
tion of meat The National Live Stock 
and Meat Board has pioneered in this 
work among commercial meat retailers 

A search for milder, more desirable 
cures for farm-cured meat, and rapid 
cures for commercial meat, the retention 


of mellow sueculence in aged hams and 
a study of the adaptability of cured 
amb and mutton to e farm and to 


‘commercial markets have been the ehiet 


activities along the curing line. A more 


detailed study of bacterial action in rela- 


] ls¢ 


tion to temperature and the palatability 
of cured meat is now being made 
Ripening fresh meat consists in hang 
ing it in cold storage for such leneth of 
time as will permit the enzymes and 
other autolytic agents to hydrolize tl 
and develop flavor We have 


1e 
tissues 
found that lamb legs make much more 
tender roasts after a storage of 7 to 10 


days than if eaten within the first week 
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Longer ripening than 10 days did 
improve 
heef is often ripened for six weeks, 


our studies have not been com 
enough, as vet. to determine the res] 
tive merits of short and lone aging 


beef. These ripening experiments 
a fertile field for possible lImproveme 
in the palatability ort meat The e 
IST, physicist, histologist and bacteri 
vist will probably be able to show us 
to inerease materially the desirabilit: 
meat from animals that have not had 
advantage of optimum feed conditi 
Coupled with the palatability 
food value of meat is economy of pl 
aration and serving Home econon 
workers are studying the problems 
cooking time, cooking losses, fuel 
sumption and number of attract 
servings in relation to the kind and 
These workers have shown that by 
trolling oven temperature and keep 
it moderate most of the time they 
actually cut down the cooking losses 


a pound or so on a 10-pound roast 
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DEFOLIATION ACTIVITIES OF GRAY 
SQUIRRELS IN AMERICAN 
ELM TREES 


By Dr. CARL G. DEUBER 


OF OR O} PHYSIOLOGY, Al 

ACH spring a shacde-tree drama oft the squirrel’s habit ot eating this 
considerable interest is enacted within a cacy Is examined——and not neces 
hundred feet of my office windows on a closely 
university campus, and it Is one that As the elm seeds ripen in the 
may be observ ad thro rhout all New part of May the vray squirre! scan 
England and wherever the gray squirrel out to within six inehes of the e 
finds life feasible in the vicinity of even the smallest branches, eats 
American elm trees on well-kept lawns seeds out of the seed cluster o1 
The situation has to do with the gray particular branch, then quickly re: 
squirrel making his entire diet practi out to the seed cluster of neig! 
eally of elm seeds during the latter part branches. These are usually) 


of May and in early June. These seeds  nient to eat from that position 


are of little consequence to the tree or draws the twig to his mouth with 
to man in that they are produced in’ paw and nervously bites it off 


abundance and the reproduction of elm midst of the seed cluster After 


l 


trees by seedlings is a relatively simple ping off most of the seeds o1 


matter. But this situation becomes a_ slitting open the papery covering 


shade-tree and a lawn problem when the kernels of attached seeds and di 














LAWN AT FARNUM GARDEN, YALE UNIVERSITY, 
LITTERED WITH ELM TWIGS CUT BY TWO PAIRS OF SQUIRRELS. May 27, 1933 
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GRAY SQUIRRELS AND ELM TREES 


O ‘ ! \ Ker S i] y pos S 
twig 1 loa lo the r! ind ena I Ss ‘ Ss 
ext Twiev'’s have rest \ PAVeS \ ! ! . ~ 
neaiti p em S prese eP¢ ! eet 
rye OmesS ¢ ~ j ‘ eva late app } ~ 
ri if this detolia ) " eP we Sil ( ~ ~ ‘ 
e shade-tree And since the see mes att x 
‘ ; . awsis } +} - ‘ ‘ 43 
Wwies TUS necessarily tana ol ( sor s Thiet Sa S 
problem In maintaining the tawh auring the 
this leaf litter is presented to Tl ancient inventior <alinat ‘ 
I'l, ™_- ; = 4 ¢ 4 . (ws Ra ‘ ‘ - 
i] nIsS adoes Not mea a Lilie Was cdeciied i - e Sg 
ris one of travedy, necessarily, but reis would be 


‘ ‘ \ 


ertainly worthy of examination heir spree on my \ 


fore analyzing the tree problem it ng and evening s durn 





st be emphasized that the = gray midst of the twis irk t task 
rel is a package of energy and in collecting and. ti ting the damag 
stry These traits bring him under was self-assigned. On the first day 
rveillance aS a pest In more than one twig crop reaching t awn amoul 
spect Several squirrels were timed to d17 items Tl s S Caiculated 
their twig-cutting activities One in represent 2 OS) leaves aving s ’ 


dual was chewing off three twigs per area of 75 square feet This leaf a 
ite, another pair kept five and seven a little larger in size than an 8 by 9 ru 


‘Ss floating down in the air in the was laid low by tw Squirrels n re 
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rse of two respective minutes. The tree The next two days were cloud 






squirrel loses time only when a new and rainy and the leaf carpets wer 





















YOUNG SQUIRRELS FEEDING UNDER A ‘‘FAVORITE’’ AMERICAN ELM TREE 
ON A YALE UNIVERSITY CAMPUS. JUNE 8, 1932 
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LITTER OF THREE YOUNG SQUIRRELS OCCUPYING A BIRD HOUSE IN A Re 


ARBOR AS A NEST 


approximately 7 by 9, but on the fourth, 
a hot, sunny day, these squirrels were 
hungry and industrious, for they elimi 
nated 892 twigs with a leaf area of 131 
square feet—a 10 by 12 rug with a mar 
gin. Incidentally, 312 linear feet of 
twigs had held these leaves in the sun. 
Although data were taken for only five 
days, the seed-eating and twig-clipping 
covered a period of ten days—it ceased 
when the seeds gave out It is conser 
vatively estimated that more than 500 
square feet of leaf surface were chewed 
off this one elm tree by two squirrels. 
Up the hill at the botanical garden a 
beautiful, large, isolated American elm 
was found supporting two pairs of gray 
squirrels. The tree had been sprayed 
with arsenate of lead during the week 
but this did not deter the squirrels. At 
nine o'clock one morning the lawn at the 
foot of this tree was literally covered 
with elm twigs cut the previous day and 
revealed 


on this morning. <A_ count 
2.886 twigs, 14,430 leaves with a leaf 
A rug 20 by 20 
would fit quite a large living room. This 


area of 421 square feet 


MAY 26, 193 


tree probably had 1.000 square Te 


leaves eliminated this spring by 
pairs of squirrels. 

The meaning of this defoliation 
trees in terms of the health and 
of the tree bring forth speculat 
which demand reflection rather 
hasty judgment. Trees suffer fron 
are benefited by defoliation, depe 
on a variety of factors Trees 
sprayed annually to prevent the d 
tating effects of insects, such as the 
leaf beetle. The orchardist must 
a more or less rigid pruning progra! 
order to encourage and maintain 
fulness, and the nurseryman trains 
shapes his tree stock with specific 
tives in mind. 

Defoliation, irrespective of its « 
eliminates food-manufacturing 
from a tree. By using a conser 
figure for the rate at which dry n 
is synthesized by green leaves acti 
hours a day and during ninety 
some basic data for further disc 
can be obtained. Five hundred s 
feet of leaves would have the eap 
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THE TENNESSEE VALLEY AUTHORITY 


By Dr. ARTH 


AN OF EN 


; 


Tht proper way to treat the Tennes- 
see Valley Authority is not as an isolated 
undertaking, but as an integral part of 
the whole program of the present admin 
istration. Most of the great and endur 
ing loyalties of men are loyalties to 
broad and inelusive generalizations. 
The dominant religions of the world are 
examples. They undertake to provide 
explanations of the purpose and nature 
of existence and to set up a way of life 
that will bring about the fulfilment of 
its greatest possibilities. In the Russian 
program, broad, sweeping conclusions 
ibout life and society provide a justifi 
cation for sustained enthusiasm and for 
vreat sacrifice 

There are few cravings of men so 
strong, So persistent and so deep as the 
craving for an inelusive philosophy, an 
No leadership 


which does not provide these can long 


all-embracing purpose. 
endure. A promise of obvious and im- 
mediate benefit may bring quick and 
overwhelming response, but for any 
movement to be long significant, it must 
undertake to deal with the very nature 
of things and must offer guidance in the 
solution of the fundamental problems of 
living. 

A long range reading of history will, 
[ think, support this statement. Yet, 
men are almost universally suspicious of 
new generalizations. After any view of 
life has won its way to acceptance, it is 
taken by the mass of the people to be 
just a part of things as they are, as is 
the climate. Let any new generalization 
appear, no matter how logical and in- 
evitable it may be, and it is met with 

1Address to the National Academy of 
Sciences, Massachusetts Institute of Technol- 
ogy, Cambridge, November 20, 1933. 


UR E. MORGAN 


NESSE! \ bY \ rHOR 


suspicion and incredulity. One re 
for this is that the average man, w 
he ¢raves an inclusive philosophy ro! 
life, feels intuitively that he is 
equipped to critically appraise 
soundness and representativeness of 


Sweeping generalization, and that 


should resist it until it is supported 
adequate authority. That author 


may be an overwhelming emot 

appeal, or it may be the support of 
men, or it may be evidence of pract 
capacity on the part of those who n 
the affirmations. Men do well in r¢ 
ing to accept a generalization until 

have evidence that the person maki 
has practical ability in the partic 
field involved, for econelusions about 
world and about life are efforts to i 
pret the nature of things, and sl} 

have no e¢laim to authority except 
they come trom men who have a 

acquaintance with and understandir 
things, people and events. 

But right here we meet with a 
lemma. The average man often 
deavors to judge the merit of long-r: 
generalizations by temporary and | 
tial results. Sometimes his rang 
vision is shorter than the necess 
periods with which the generalizat 
deal. To illustrate, let us take the 
that is most familiar, the beginning 
Christianity. The great Teacher 
made sweeping declarations about 
nature of human life and about 
qualities and attitudes that sl 
characterize the social order. He 
peatedly stated that this new 
could be the result only of pat 
search, great commitment and of s 
and gradual growth. He repeat 
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protested that His teachings were being 
judged, not by their inherent worth, but 
by ‘*The people 
seek for a sign,’’ He said. He felt that 
many followed him for the loaves and 
fishes and not because he proposed a 
better Those who pre- 
sented His philosophy and His personal- 
ity to the world after His death did not 
trust to the survival of that philosophy 
on its merits, but surrounded it with the 
support of ‘‘wonders and miracles.’’ 

When we come to appraise the merits 
of broad-seale about men 
and about the social and economic order, 
it is only with great difficulty that we 
ean weigh and appraise the real knowl- 
edge of the nature of things, and the 
insight, acumen and judgment, which 
have entered into the making of them. 
Sometimes we seem compelled to rely 
upon superficial evidences of practical 
ability, which may have little to do with 
the soundness of the generalizations. 

I believe that the program of Presi- 
dent Franklin D. Roosevelt is more than 
an assemblage of political and economic 
expedients. I that President 
Roosevelt has an inclusive social philoso- 
phy that has a large degree of clarity, 
order and integration. To me that phi- 
losophy seems to be unusually reason- 
able, sane and human. It seems to me 
to be radical in that it gets beyond tem- 
porary expedients to elemental issues, 
and it seems humane and reasonable in 
its endeavor to bring about necessary 
changes without violence or undue up- 
heaval which, while establishing a new 
pattern of society, might do so at tre- 
mendous present loss. 

Although ours is a young country, our 
habits of social and economic life are 
very deeply impressed upon us. To 


hy ‘‘signs and wonders.’’ 


order of society. 


conclusions 


believe 


make significant changes in these habits, 
and to actually lay the basis for a dif- 
ferent social and economic order, is no 
short-time job. Deeply worn paths of 
habit and action must be cut across with 
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new highways. The period of ree 


struction will be troublesome and in 
venient. In Boston here, a few we 
] , . ] . . ‘ . 
planned, broad main highways througl 
the heart of the city would enormously 
relieve congestion 


‘al transportation. Yet if 


economy in loc: 
that should be undertaken, the temp 


rary inconvenience would be very great, 


and if those whose vested interests 
should be interfered with should use 
that temporary inconvenience to dis- 


credit the project, they might be quite 
successful. In my « pinion, 
dislocation of 
an inevitable accompaniment of any sig- 
nificant improvement in l and 
Yet a large number of 
people will judge the merit of any un- 


a temporary 


things-as-they-are will be 


our social 


economic order. 


dertaking solely by its immediate effects 
If these people predominate, then th« 
chance for the success of a program will 
depend, not upon its intrinsic merit, but 
by the capacity of the leader to produce 
; for the benefit of 
those who judge by immediate and inci- 
dental results. I scarcely need list the 
‘‘signs’’ which the American 
would accept as adequate proof of the 
authenticity of the President’s leader- 
Two-dollar 
unemployment, 


‘signs and wonders’’ 


people 


ship. wheat, a sudden re- 
duction of 
of dividends, reduction of retail prices 
—all these would be authentic 

You are wondering by this time what 
all this has to do with the 
Valley Authority. I believe that my in- 
troduction is not irrelevant. A part of 
the President’s program must of 
sity be on a national scale. Tariff policy, 


resumption 
**signs.’’ 


Tennessee 


neces- 


banking policy, the National Recovery 
Administration, other 
must be dealt with by the nation as a 


and issues 


these 


whole. But in the effort to bring social 
and economic design into our national 
life, there are many issues which can 


best be worked out on a limited svale be- 
fore they are given national application. 
Many of our problems have regional 
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variations, and can best be solved 
through regional interpretation. To 
provide a limited area in which some of 
those national issues would have consid- 
eration, the President proposed, and the 
Congress established, the Tennessee Val- 
ley Authority. 

When I first became acquainted with 
the Tennessee Valley Authority Bill on 
its way through Congress, I was greatly 
disappointed. Here was a great project 
in social and economic planning, and yet 
a very limited opportunity was offered 
for demonstrating the practical com- 
petence in handling affairs which to so 
large a degree is the basis for public 
confidence. The principal construction 
work within the area was to be put into 
other hands, and the Authority itself 
was at first to have relatively little to do 
with a construction program. I feared 
that unless the Tennessee Valley Au- 
thority should be more deeply engaged 
with practical matters than the pro- 
visions of the bill allowed, its prestige 
might not increase very rapidly, for 
there would not be adequate opportunity 
to demonstrate practical competence. I 
therefore sought successfully to have the 
bill changed so as to give the President 
greater range of choice in deciding what 
organization should handle the major 
construction to be undertaken in the 
region. 

When the law was enacted, the Presi- 
dent was requested to place the building 
of the Norris Dam, which was by far the 
largest item of construction work, in the 
hands of the Tennessee Valley Author- 
ity, rather than in the hands of one of 
the other departments mentioned in the 
act. This was done in order to provide 
practical activities by means of which 
the Tennessee Valley Authority could 
become known to the people of the region 
as a competent administrative organiza- 
tion. With this construction committed 


to the Tennessee Valley Authority, it 
became necessary to develop a_ well- 


designed administrative organizati 
and to enter vigorously on a constructio, 
program. 

A little more than five months have 
elapsed since the directors of the Te 
nessee Valley Authority were appointed 
and confirmed by the Senate, the neces. 
sary appropriations passed and the ¢ 
poration organized. As this was a ne 
type of organization under the sun, wit 
a board of three directors who wer 
strangers to each other, and since every 
point of policy and program and ever 
relation to the administrative processes 
of government had to be developed, som 
time necessarily was consumed in getting 
our bearings. A power program, a pro- 
gram for the development of fertilizers 
and a general program of planning had 
to be formulated, as well as an immedi 
ate construction program. 

An excellent administrative staff has 
been assembled, after an exceptionally 
painstaking search, and is well adjusted 
to its functions. The Norris Dam, th 
largest construction project of the Ten- 
nessee Valley Authority, is well under 
way, with 1,500 men employed, about as 
many as will be used at the peak of con- 
struction. I believe that less than 5 per 
cent. of the public works projects of the 
present administrative program have 
made as great progress in organization 
design and construction. When re- 
cently we were unexpectedly asked t 
undertake the construction of another 
large dam, this time across the Tennes- 
see River, that additional work was 
taken on as an almost routine matter, 
and construction was begun in about 
one month. The entire administrative 
staff is now well integrated and well 
adjusted to its immediate practical job 
We have recently informed the Emer- 
gency Relief Administration and the 
new Civil Works Administration, that 
we can, if needed, quickly expand our 
staff to supervise the employment of 
twenty-five thousand or fifty thousand 
men on emergency projects. 
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The power program of the Tennessee 
Valley Authority has been worked out 
inder the direction of David E. Lilien- 
thal. a member of the board, with vigor 


and dispatch and, I believe, in a master- 
The first contract for fur- 
municipality has 
and 


ful manner. 
nishing power to a 
recently been executed, 

hundred miles of transmission line will 


several 


shortly be under construction. 

The fertilizer program of the Tennes- 
see Valley Authority, 
plicitly provided for in the law, also is 
well under way, directed by my col- 
league, Dr. H. A. Morgan, with an ex- 
cellent research staff. Pilot plants are 
being designed and will shortly be under 
construction. 

During this period about one hundred 
and ten thousand applications for posi- 
About sixty 
thousand of these have been classified 
and rated so that the best prospects can 
be quickly located in any field. Another 
fifty thousand applicants will have been 
given examinations and will have been 
classified and rated by mid-January. 

A number of acute issues have been 
met and faced. For instance, there is 
the matter of patronage and the spoils 
system. The Tennessee Valley Author- 
ity law provides that all appointments 
shall be made on merit and not for po- 
litical considerations. It is my personal 
opinion that the President approves this 
provision. Yet the issue of spoils and 
patronage has been met very acutely. 
The record of the Tennessee Valley Au- 
thority on that issue should, I believe, 
give confidence to those who hold that 
public servants should be chosen for 
their merits and not because of political 
influence. 

Those who are administering the Ten- 
nessee Valley Authority have, I believe, 
given evidence that they have had some 
contact with realities and some acquain- 
tance with public and business adminis- 
tration. With that demonstration, we 


which was ex- 


tions have been received. 


THE TENNESSEE VALLEY AUTHORITY 


hope that we may achieve some ot I 
classification than the Washingtoniar 
designation of ‘‘perfesser’’ in our « 
to work out a program of social and 
economic planning in cooperation w 
the people of the Tennessee River 
ion. 

What should be the aim of such plan- 
ning? Considering the Tennessee River 


region, not as having peculiar and dif 
ferent problems, but as being represen 
tative of many regions in America, what 
do we find? We have in this region a 
population of old American stock with 
good 


A large industrialist, who 


a large proportion of persons of 
intelligence. 
has plants in various parts of the coun 
else does he 


try, tells me that nowhere 


find so large a proportion of his working 
force made up of men who 
and 
and problems. 


can under- 


master technical 


The 


stand 


pre eSSeCS 


forees on 


working 


our construction jobs are of a higher 
order than we commonly find in other 
parts of the country. About twice as 
many people are engaged in agriculture 


to till 
roads have opened up the region and 
made that 
were remote and isolated. 
Mineral] 
exceptionally abundant and highly di- 
versified. There are large deposits ol 
Much of the hardwood timber has 
been cut and exported from the area as 
raw material, but there is still an ade- 
quate supply for local industries which 
will produce finished goods. 
eally, this is one of the favored regions 
of America. The like 
Asheville, which have become known as 
fall and spring resorts, are but typical 
of large areas. 
hot, or the winters too cold. There is an 
abundant water supply, in many locali- 
ties exceptionally free from iron, lime or 
other minerals and therefore 
for exacting manufacturing 
Lastly, there is a great reservoir of po- 


as are necessary the soil. Good 


accessible areas formerly 


resources in this region are 


Cf al. 


Climati- 


few localities. 


The summers are not too 


suitable 


processes. 
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tential About 3,000,000 kilo- 
watts are awaiting development, at unit 
costs that in many cases are very favor- 
able. 

We seem to have here all the factors 
for a prosperous, progressive commu- 
and yet we find production and 
consumption on a low level. The Ten- 
Valley Authority area varies 
greatly in different parts. In the north- 
east portion are localities where, until 
many and 
women had never seen a colored person. 
On the other hand, along the southern 
boundary of the area are counties where 
a quarter to a half of the population is 
colored. The Tennessee River region 
contains some notable, progressive and 
well-kept farm communities and some 
prosperous cities. 

Generalizations must not be carried 
too far in so varied a region, yet it is 
true in general that only a very small 
part of the potential productiveness is 
being realized. One study of a moun- 
tain county in Kentucky indicated that 
the average cash income of a mountain 
farm is $45 a year. A study of 200 
mountain farms in Western North Caro- 
lina, distributed in four localities, indi- 
cated that the average cash income, after 
paying fixed charges, such as taxes and 
fertilizer, is $86 a year. A large part of 
the farms of the region have a cash in- 
come of less than $250 a year after taxes 
are paid. 

Here we have the picture—a vigorous 
and intelligent people near the center of 
the American population, abundant nat- 
ural resources, a great reservoir of cheap 
power, a fine climate—but a low level of 
production and consumption and rela- 
tively little effective social and economic 
organization. The region is not yet 
heavily committed to mass production 
and economically is still in flux. Only 
a quarter of the population lives in 
towns of 2,500 or more. To a large de- 
gree in the past, the industry of the 


power. 


nity, 


nessee 


ten years ago, men 


young 


region has consisted of the exploita 
of natural resources, to be export: 
raw materials. More recently it 
turned to the exploitation of « 
labor. 

This is the region the President 
selected for a case in social and econ 
planning. Given a magic wand, 
factors could be turned into prospe 
well-being and wholesome culture. | 
magic waiuds are not quoted on 
market. The President, I believe, 
this project as one of seeking the ¢ 
eration of the region in eliminating 
grossest wastes and in creating desig 
order and organization for releasing | 
creative capacities of the people and 
the best use of the natural resources 
the region. Let us outline some of 
major wastes, present and 
which reduce well-being. 

First, there is soil erosion. In the r 
ing lands of the Southern states 
issue is far more critical than in 
North and West. Millions of acres hay 
been entirely destroyed for agricultu 
use. Deep gullies extend every 
further into the fields, and each year t 
hillsides of bare clay, from which 
loam has washed away, increase in a 
Unless this process can be stopped, 
human culture of considerable regi 
will disappear. When a large part 
an area is destroyed for agriculture, | 
remainder can scarcely afford the neces 
sary taxes for schools, and the bette: 
families move away. After that the d 
struction is accelerated. 

There are several possible methods { 
stopping this waste. Terrace 
and careful management of the soil n 
reduce the erosion to less than a quart 
of its rate on badly managed farms 
Crops which keep a sod over winter 
be planted instead of corn, for w! 
ground is plowed in the fall and expos 
to washing all winter. Certain new | 
ture and forage crops are very pron 
ing. The hilliest lands should be tak 
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* cultivation and planted to forest. 


Finally, the laws of land 


Nevin: Aaa Sle 


ownership 


’ should be changed so that men shall not 
S be allowed to own and oceupy land un- 
S jess they will manage it in the interest 
; a permanent agriculture. Such a 

o | change would constitute one ele- 


ment of a social revolution. 

[hen there is the great waste in the 
Men 
basic needs which must be supplied 
One 
of pure 


electric power situation. have a 


1s part of a civilized environment. 


these is an abundant supply 
Other basic services are 


water. rans- 


portation, communication and power. 
We shall steadily approach the time 
when these services are so cheaply and 


abundantly supplied that they fall into 


the background as requiring but little of 


ir thought. 
At the present time electric power is 


one of the live issues of social planning. 
Every familiar th th 

closures of the Federal Trade Commis- 
of the wide-spread endeavor by 
O eontrol 


one is wl e dis- 


sion, 
secret and open propaganda t 
the thinking of the nation on this issue. 
In 


tion has opened the scene to the 


a few cases where unusual indiscre 
» publie, 
as in the ease of the once very honorable 
Mr. Insull, we can see what the industry 
is like on the inside. 

The Tennessee Valley Authority 
interested in the electric power issue on 
several counts. First, if a case of pub- 
ownership and be 
established, with fully open and com- 


is 


lie operation can 
parable cost accounts and records, we 
may be provided with a ‘‘yardstick’’ by 
which we may discover what electric 
power actually ought to cost. The pri- 
vate utilities, if they are sincere in their 
expressed belief of the superiority of 
private ownership and operation, should 
welcome such an example. 

It is not only the private utilities 
that will be provided with ; 
stick.”’ Public ownership will be on 
trial. One of the greatest diseases of 
our national life is the spoils system in 


‘ 


a ‘‘yard- 


lj 
Mic VO 


fF 


pul nce, 
it threatens t 
racy. If the | 


tribution of p 


an 


seems | 


economical! 


ment-owned } 


Irom the 


to me 


from this ineul 
we had better 
small seale, bi 


some 
ership. 


Ano 


the country as a W 


of the vast poss! 


for enlarging t 
modern life in 
farm. This ea 


power, 


exploitation hi: 


. : 
electric por 


pler i 


not compare in complexit 


ther 
ley Authority is to make 


‘ 


obiect 


nation-wide § 


‘ 


Wi 


Lil 


irom while 


ve 


1dustries of 


industry, the aut 


railroad 
should | 
financing. 


e 


pa 
Br 


} 


necessities, elec 


universal] 
water sup 
service 
tion. 


Lastly, 


in the Tennessee Va 


much on 
are design 


cony 


annie 


rea 


plies usu 


and n 


the « 


‘ 


verat, 
CO 


lay 
large 


ed 


mi 


tegrated systems 


River system, wv 
miles of streams, 
control and own 
rovernment owne 
will illustrate: a 


River power pla 


a total 


fall of 


But these are ‘‘ 


That is, they 
the water mus 
Muscle Shoals, 


wre 


ver business 


ur 


THE TENNESSEE VALLEY AUTHORITY 


COl 


\ 
i ; s ‘ ae \ 
NO Vas 1 
mat remel 
v) < 
‘ . l,j 
eI SHOUIG 
SUDD ( 
up] l 
} 
ye 
I a ft 
nme! ( 
? ] vy 
| ww ‘ 
r ‘ 
I \\ ( 
Ve pm 
a as Sil 
entire Te 
4 
Lis { USd 
1 } 
ud be u 
Ip, which 
r) An eX 
1] d ] 
ne the Ter 
be install 
ve nunaret 
river | 
1i+4 et 
Litt Ss 
} ' 
fiow 








70 THE SCIENTIFIC MONTHLY 


during high water in winter may be 
600,000 kilowatts, whereas the low water 
of a dry summer may generate only 
40,000 kilowatts. The maximum capac- 
ity at high water is fifteen times the 
minimum capacity at low water. Yet it 
is only the ‘‘prime power,’’ or power 
that is nearly always available, that has 
much value. Now, up river on one of 
the main branches of the Tennessee is a 
power project of another sort. A high 
dam will produce vast storage capacity, 
great enough, in fact, to store a year’s 
supply of the stream. There has been 
a project on foot to build a great indus- 
trial plant at this up-stream site, using 
the power for manufacturing purposes. 
The control of flow would be determined 
by the orders received by that one plant 
and by its need for power. It might be 
using much power, and therefore releas- 
ing much water, during the high water 
of winter, when there is already a super- 
abundance of water in the river below. 
During the summer the plant might be 
shut down and water might be stored 
above when it is most needed below. 

If the entire system should be owned 
and operated as one, the situaton would 
be very different. The entire system 
would be interconnected by transmission 
lines. During the high water of winter 
the upper plant would be shut down 
and the water stored in the reservoir. 
Abundant power would be available 
from the river plants below where no 
storage is available, and where the water 
must be used as it comes. Then, during 
the summer, when the river is low and 
electric power scarce and most valuable, 
the upper plant would be operated. Not 
only would a large amount of power be 
available there, if the whole year’s stor- 
age were to be used in these months, but 
all the water used in the plant above 
would have to pass through each of the 
plants below, all the way to the mouth 
of the Tennessee. By such united 
operation probably twice as much 


‘‘prime power’’ or dependable p 
could be generated for a given iny 
ment, or, in other words, the p 
would cost half as much per kil 
hour. 

Private utility men say that 
would get the same result by tra 
power among themselves. That, 
ever, does not answer the question 
the original installation of an up-riy 
power plant, the investment whic] 
justified in providing storage wil! 
determined by whether an income 
be produced by the water which is 
leased from the reservoir, as it 
through other power plants down 
river. For instance, the Norris D 
now being built by the government 
Clinch River is made higher, and 
reservoir is made larger, than would 
justified by the power possibilities 
the dam itself. The Norris Dam p! 
will be worth more as a regulator 
Muscle Shoals than for the power 
could generate at its own plant treat 
independently. The water going throug 
Norris Dam plant will be worth twice 
much at the plants below as it is at 
own plant. An investment justified 
the whole system would not be justifi 
for an independent plant. 

Down stream for the Norris Dam 
private power development on the Ter 
nessee River—the Hales Bar Dam 
Power Plant. The value of that privat 
plant will be doubled by the building 
Norris Dam at public expense. Only 


a single organized system of water 


power plants for the whole Tenness 
River system can the full economy) 
realized. With that organization, wat 
power n cost less than half what 
would if me various units should 
developed * independently by pri 
companies. Water power is to | 
stiff competition from steam and Dies’ 
engines. If the Tennessee River reg 


is to realize its possibilities in water 
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yower it can not afford to throw away 
his economy. 

Let us take another 
and economic planning in another field 

that of government. The 
county organization of this region was 
determined during the early days, a 
century or more ago, when there were 
few roads, and when men traveled by 
horseback up the The court- 
houses would be half a day’s trip from 
the county borders. With modern roads 
and automobiles a man travels as far in 
half an hour as one did then in half a 
A study in some of these county 


Y 
I 
+ 
t 


need for social 


county 


creeks. 


aay. 
court-houses discloses that in 
them all the work of the county officials 
ean be done in one half day a week. A 
consolidation of counties into perhaps 
one sixth as many might more than cut 
in two the cost of local government and 
greatly improve its quality. 

For a moment consider industry. 
Twice as many men are engaged in agri- 
culture in this region as are needed to 
produce the crops. A balance of indus- 
try and agriculture may be very help- 
ful. But this program has its dangers. 
In a large city, if a man is discharged 
from one job, or if his pay is reduced, 
he may find another. In a small, one- 
industry town, with the workers living 
on nearby farms or on small tracts, they 
may become virtually serfs and unable 
to protest against any policy of the man- 
agement. A company with half a dozen 
plants in as many towns may close any 
one at its pleasure if it wishes to enforce 
a policy toward labor. In many of these 
one-industry towns only salaried man- 
agers are present, and all the profits go 
to far-off large cities. 

Is it possible to bring about a balance 
of industry and agriculture and pre- 
serve the vitality of the small communi- 
ties of this region, so much favored by 
the people, and yet prevent economic 
exploitation ? 

Such are a few of the many issues fac- 


some of 
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the 


There are other issues—the 


Tennessee Valley 


ing 


forest policy, the possibility of develop 
ing cooperatives in selling and buying, 
the possibility of furnishing cooperative 
service to small enterprises and mer 
chants in accounting, business manage 
ment and 


work, so that 


other technical phases ¢ 


the small proprietor may 
have approximately as good administra 


tive advice as the large corporation 


There is the problem or vocationa 


guidance. With a great overproduction 
in the standard professions, such as law 
medicine, architecture, engineering and 
education, is it not possible to direct 


young men and women from these over- 
crowded professions to other fields where 
the work of the 
We might mention such new fields as the 


world is done badly. 


management of publicly owned utilities, 
the organization of 
and cities for police protection, the de 
velopment of planned and creative reec- 


groups of counties 


reation facilities for small communities, 
the development of cooperative services 
for small proprietors, the development 
of community health services, the better 
feeding of unmarried working people in 


boarding houses. Much of the work of 


the world is being very badly done. 
Any badly done job is a call to a new or 
to a better calling. Can we relieve the 


crowding into old callings in our region 
by opening the way to new ones? 
There 


The mineral resources of this region are 


are other fields of interest. 


abundant, but very often in smal! depos- 


its. Is it possible to develop local min 
ing projects, cooperatively supplied 
with management? There are great 
possibilities for developing the special 


skills and aptitudes of the region for the 
production of quality goods, as has been 
Vienna. America 
not committed to 


France and 
area 
mass production, where individuality in 


done in 
needs such an 


industry can satisfy our craving to es- 
cape monotony. 








Mass production will also have its 
place. How to unite basic industries, so 
that the by-products of one become the 
raw material of another; how to choose 
locations with reference to power sup- 
ply, raw materials, transportation and 
market, requires an integration of re- 
search seldom available to private indus- 
try. Such problems are in the picture. 

But all this does not complete the idea 
of President Roosevelt. Increase of pro- 
duction and of total wealth not 
necessarily mean an increase of general 


does 


well-being. During recent years we 
have heard much about the new ‘‘econ- 


omy of surplus’’ as though it were the 
first time in history that such an econ- 
omy had occurred? Great surplus of 
men and goods is far from being new. 
Over and over again it has occurred. 
Almost our earliest recorded history is 
of vast economic and human surplus in 
Egypt. It might have been used to de- 
velop housing, sanitation, education, 
research and general culture. It was 
used to produce the most terrible servi- 
tude and some enormous piles of stone. 
That historic type has continued 
through the ages. It has not been ab- 
sent from America. The past decade 
has not been free from it. 

To escape from that use of surplus so 
that productive capacity shall produce 
well-being, that is the aim of President 
Roosevelt. I think a better phrase could 
be used to describe his purpose. He has 
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spoken of a ‘‘new deal.’’ That means 
that the cards shall be shuffled again, | 
that the same old process shall be 
peated, with perhaps other persons 
holding the good hands. 

What we need is not a new deal, | 
a new game. We need a game whi 
when played according to its own ru 
will bring a different kind of results 
The President may have been imperf: 
in his phrase, but he is right in his pur- 
pose. It is that the moving spirit of our 
social and industrial life shall be neig 
borliness and not the predatory impuls 
that we shall guide our social and e 
nomic affairs by a realization of their 
total effects, to the neighbors and to t! 
future, as well as to ourselves and to th: 
present. Whether we are dealing wit 
soil erosion or electric power or loca 
government or industrial distribution 
that is the goal. 

How can we do that in the Tennesse 
Valley? The aim can be held in ge. 
eral, but its execution gets down to 
series of particular cases—to hydrau 
studies for power plants, to chemica 
processes of manufacture, to educa- 
tional methods, to principles of sociology 
and of economies, to researches in gov 
ernment, to studies in industrial orga 
ization, production and distribution. I) 
such an undertaking the Tennessee Va 
ley Authority can be but a clearing 
house for the experience, the judgment 
and the insight of such men as I an 
addressing here to-night. 
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SCIENCE SERVICE RADIO TALKS 


PRESENTED OVER THE COLUMBIA BROADCASTING SYSTEM 
MEASUREMENTS OF PERSONALITY 


By Dr. MARK A. MAY 


PROFESSOR OF 
THE practical aim of all science is to 
predict and control the activities with 
which it deals. Astronomers can predict 
with extreme accuracy the appearance 
of eclipses, comets and meteors, the rise 
and the fall of tides and other more com- 
plicated actions of the heavenly bodies. 
Engineers can forecast accurately the 
strength of bridges, the safety of high 
buildings and hundreds of other practi- 
eal events. In fact, the greatest achieve- 
ments of modern science may be summed 
up in two words—prediction and control. 
In the realm of human relations 
science has been less successful in mak- 
ing accurate predictions. The laws that 
govern human behavior are much more 
intricate than those that govern the stars 
and planets. There is in the affairs of 
men that so-called ‘‘personal equation’’ 
which upsets all caleulations. It is easy 
to predict and control the behavior of 
mechanical men, which scientists have 
recently built, because the laws gov- 
their actions are understood. 
Whether or not science will ever be able 
to predict human behavior with precision 
and accuracy is still an open question. 
Much depends on the extent to which it 
can be measured. There can be no accu- 
rate predictions without measurement. 
Personality can not be measured by 
any simple yardstick, foot rule or ther- 
mometer. It has a great many different 
aspects and dimensions, each of which 
requires a different measuring instru- 
ment. Science has, therefore, not 
achieved a satisfactory measure of it. 
The greatest achievement of science to 
date is the invention of useful methods 


erning 


EDUCATIONAL PSYCHOLOGY, 


YALE UNIVERSITY 


of measuring different aspects of 
sonality. 

I shall review these 
Suppose we have before us now our 
friend John Doe. How may we discover 
what sort of a person John really is? Is 


per- 


methods briefly. 


he strong, magnetic, reliable, talented, 
courageous, honest and kind? 
weak, repulsive, cruel, cowardly, dull 
and deceitful? Whaile these are only a 
few of the things we wish to know about 


Or is he 


him, they represent the kinds of ques- 
tions we ask. 

There are six different ways of finding 
out something about Doe. Each 
represents a scientific approach to tl 


John 
the 
First of all, 
we study his record. like 
one of us, has left behind him footprints 


study of his personality. 
John. every 
These are his let- 
his 


for a 


on the sands of time. 
ters and 


grades, written applications 
le 
i 


other writings, school 
vas 
meter or automobile license, registration 
for voting, His photograph 


will also tell you something about him, 


and so on. 


but just what it tells has not been scien- 
tifically determined. It is quite possible, 
and in fact easy, to find out a great deal 
about John Doe without ever seeing him 
or consulting others about him. 
Second, ask know 
Members of his family, his teachers, his 


those who him, 
employer or his employees, his creditors, 
his pastor or his lawyer (if he has one 

his neighbors and friends, all have very 
definite impressions concerning what 
kind of a Furthermore, 
most of them are willing to talk about 
him. If you approach them right, they 
will go so far as to rate him high, low or 


fellow he is. 
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average on many character and person- 
ality traits. The rating method is one 
of the most common devices for the sci- 
entific study of personality. Thousands 
of rating scales and techniques have 
been devised and there are now on rec- 
ord ratings of hundreds of thousands of 
individuals. But ratings are not true 
measures, they are at best only carefully 
and systematically recorded impressions 
and opinions., What they really mea- 
sure, if anything, is John Doe’s reputa- 
tion, which is only one part of his per- 
sonality. 

Third, observe him. Three kinds of 
observations will be useful. First, note 
his physical appearance, second, his ex- 
pressive movements, and third, his ac- 
tual conduct. If John Doe is a little 
fellow, far below the average in size, it 
is likely that he hus developed personal- 
ity traits which compensate for his 
physique. If, on the other hand, he is a 
big fellow, his personality will probably 
be quite different. The German scientist, 
Kretschmer, has studied the physical 
build of many insane persons and finds 
a close parallel between body types and 
types of insanity. Many attempts have 
been made to relate facial features to 
personality. But these measures have 
not been scientifically verified. 

More significant are the expressive 
movements. John Doe expresses his true 
personality in the manner and form of 
his actions. He has a certain gait which 
is all his own. The same is true of his 
handwriting, his style of language, man- 
ner of dress, his gestures and other move- 
ments which are more or less unconscious 
and involuntary. Thus each of us has 
his own peculiar style and form which 
betray his inner self to the trained eye 
of the scientific observer. Hans Gross, 
the German criminologist, developed the 
theory that every criminal has his own 
individual style or form of committing 
a crime, and always leaves behind him 
certain clues by which he can be iden- 
tified. 


The quality of the human voice 
expresses personality. An English psy. 
chologist, Professor T. H. Pear, 
ducted an interesting experiment 
what he called the radio-personalit 
He arranged for nine mystery speak 
to broadcast the same speech. The rad 
audience attempted to guess the age, s 
occupation, locality of birth and ot 
characteristics of each speaker. The re- 
sults were surprisingly accurate, ir 
eating that the quality of the speake: 
voice betrays, in some degree at least, 1 
only his sex, age and occupation | 
many other personality traits. One of 
the speakers was a detective-serg 
who was frequently described as 
robust man of heavy build, stout 
burly.’’ 

Going back to our friend John Do 
one of the best ways of finding out w! 
kind of a person he is is to observe 
conduct. How does he behave at home 
with his family or when the family is 
not around? How does he behave on the 
street, in his office, at social gatherings 
and in other walks of life? To really 
understand him, we must observe 1 
only the manner in which he does thes 
things, but what he actually acco 
plishes. What he does makes him what 
he is. But it is very difficult to record 
scientifically observations of human ¢o! 
duct. It looks easy, but try it and 3 
will find that you can not observe a: 
record one tenth, no not one one hun- 
dredth, of all the things John Doe does 
unless you do it in a very general way 
Science is just beginning to find how t 
make accurate observations of human 
behavior. It is also difficult to deter- 
mine which of John Doe’s actions 
worth recording. Some of his acts are 
more significant than others. Some psy- 
choanalysts have suggested that one 
significant set of acts are slips of t! 
tongue, pen or fingers. These slips are 
involuntary movements which are sup- 
posed to be especially symptomatic of 
the true personality. 
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SCIENCE SERVICE 


way of studying John 


fourth 
Doe’s personality is to interview him. 
If you ean establish friendly relations 


The 


with him either as a scientist in quest of 
knowledge or as his physician, lawyer or 
pastor, he will submit to direct question- 
ing and will tell you a great many things 
about himself. Your task is to select the 
questions that will bring out the aspects 
of his personality in which you are for 
the moment interested. But if he will 
not submit to direct questioning you will 
have to employ methods that are more 
subtle and indirect., The usual pro- 
cedure is to get him talking about any- 
thing at all, and, if he is like most per- 
sons, he will eventually get around to 
telling you about himself. The inter- 
view is the method most commonly used 
by employers in sizing up the personali- 
ties of prospective employees; it is also 
the method used by psychiatrists in di- 
agnosing the personalities of the insane 
and the mentally maladjusted. 

The fifth method is _ psychological 
tests. Psychological tests represent the 
most significant efforts to measure per- 
sonality. A test is essentially a measur- 
ing device. There are a great many 
different kinds of tests, each intended to 
measure a different phase or aspect of 
personality. The best are known as in- 
telligence tests. There are also tests of 
special abilities, talents and aptitudes. 
There are tests of instincts and emo- 
tions, of social adjustments, of educa- 
tional achievement, of moral knowledge 
and conduct, including such types of 
conduct as honesty, cooperation, gener- 
osity, courage, will-power, self-control 
and the like. There are also tests of ap- 
preciation of art, music and literature, 
tests of likes and dislikes; tests of social 
attitudes, opinions and beliefs; tests of 
interests in occupations, games and 
sports. All these are efforts to measure 
various aspects of the personality. 

There is in addition a special kind of 
a test known as a general personality 
test. This test, which exists in various 
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fi rms, 1s 


reauy a questionnaire 


inquires into Symptoms I perso! 


justment or maladjustment. It 
sampler of symptoms. Some of the 
questions are: Do you day dream fre 
quently? Do you blush very ofte 
Are your feelings easily hurt? Do you 


make new friends easily ‘ ; 
gle over prices with salesmen? Do you 
hesitate to borrow things from your 
neighbor? The theory is that while 1 
single question taken by itself is sig 
eant, yet a large number of them reveal 
characteristic modes of 
which are symptomatic of 
abnormal personality. 

The sixth and final method of study- 
ing personality is by experiment. Since 
the laboratory is the workshop of the 


} 


scientist, personality must eventually 
come under instruments of precise mea- 
surement. To secure scientific data on 
John Doe he must submit to experimen- 
tation. But there is a popular preju- 
dice against experimenting on human 
Such usually 
based on detective stories and movies and 
are quite without foundation in fact. 
Most psychological experiments are 100 
per cent. harmless, most of them are in- 
teresting to the subject and 
them are good fun. Laboratories are 
now equipped with 
measuring not only the physical charac- 


beings. prejudices are 


some of 


‘ 


instruments for 


teristics of human subjects but also their 
mental and physical functions as well. 
Many of these functions, if not all, are 
definitely related to personality. For 
example, the fluids of the body, includ- 
ing the blood, the saliva, the urine, the 
spinal fluids, and others, are so chemi- 
eally constituted that changes in their 
frequently accom- 
panied by changes in behavior. In fact, 
the electri- 


compositions are 
some scientists hold that in 
eal and chemical phenomena of the body 
lies the solution to the problem of the 
prediction and control of conduct. 

All these efforts to study, estimate 
and measure the human personality have 
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practical advantages. Two of the great- 
est social problems now confronting civ- 
ilization are crime and insanity, both of 
which are in the final analysis problems 
of personality. There are also the prob- 
lems of divorce, of graft, of racketeer- 
ing, of suicide, and many others which 
depend for their final solution on an 
understanding of human nature. 

We are all speculating in ‘‘futures,’’ 
whether we are buying distillery stocks 
or German marks or wheat and cotton. 
The future is a speculation because of 


POETRY OF 


By Dr. R.S. 


CURATOR OF GEOLOGY, U. 


Man’s natural curiosity about his 
earthly habitation has ever made earth 
science, geology, the science of the rocks, 
a subject of keen interest to him. What 
has happened on the earth down through 
the ages and what has life, especially 
man, had to do with it? These are ques- 
tions which thinkers as far back as 
Pythagoras and Aristotle have tried to 
answer. 

Geology has grown to be perhaps the 
most comprehensive of the sciences, for 
it deals with the story of the earth and 
its inhabitants from the time our planet 
was a fiery mass revolving in its charted 
course through the heavens and subject 
only to physical laws, down to the pres- 
ent when life has become such a pre- 
dominant factor. If one has a limited 
amount of time to obtain a general 
knowledge of science, geology will surely 
give a more comprehensive view than 
one of the more specialized branches. 

That there is no royal road to learn- 
ing and that only persistent, painstaking 
effort will lead to the acquisition of 
knowledge has been pointed out time 
and again. However, education has 


long sought for a more vital approach to 
learning than the memory method. 


Pic- 


the uncertainty of the ‘‘personal eq 
tion’’ in all human affairs. It is t 
unpredictable human element t 
causes runs on _ banks, mark 
crashes, labor strikes, frozen credits, a1 
disturbs the whole economic 
There is no doubt that during the de- 
pression the psychological factor has 
played an important part. It is 
hope of science that this human element 
may be analyzed, understood and mea 
sured—and finally predicted and ¢ 
trolled. 


stock 


ord r 
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tures, both moving and still, are n 
widely employed in the teaching 
science, for it is recognized that we lear 
more readily by looking at things tl 
by memorizing facts about them. 

The principle holds still better if th 
object itself can be viewed. In geolog 
the visual method of learning is espe- 
cially applicable because every moun- 
tainside or stream valley reveals cha 
ters of earth history often quite puzzli 
to the layman but usually plainly visi! 
to the student of nature. 

Still another method of impressing tl 
facts of science is through the emotions 
particularly through the appreciation o! 
literature or music. Long ago Herbert 
Spencer pointed out in his ‘‘Essays”’ 
that not only does science under!ii 
sculpture, painting, music and poetry, 
but that science itself is poetic. H: 
further has written that science opens 
up realms of poetry where to the un- 
scientific all is blank, and he 
Hugh Miller’s books on geology as scie! 
tific works inciting poetry. 

Much of the poetry of nature whic! 
has endured has been written by stu- 
dents who have described their impres 
sions with such care that they are sci: 


quotes 





ee eee 





carc 
Si 
this 
part 
nam 
fron 
arra 
upWw 
mos’ 
mar 
plie 
nati 
T 
out] 
Car 
ap 
Cres 
feeli 


A 

















oe 


} 
} 


though th 


have 


e under- 


ally eorrect, even 
¢ principles 
lerstood. 


and the poet rarei) has 


, 


may not been 


The geologist is seldom a 

an appre- 

ion of geology, yet often they evi- 

e a mutual understanding. Byron 

expresses the feelings of the appreciative 
logist when he writes: 


lo sit on rocks—to muse o’er flood and fell— 


slowly trace the forest’s shady scene, 
Where things that own not Man’s dominion 
dwell, 
And mortal foot hath ne’er or rarely been; 
To climb the trackless mountain all unseen, 
With the wild flock that never needs a fold; 
Alone o’er steeps and foaming falls to lean; 


hold 
Nature’s charms, and 


iis is not Solitude—’tis but to 


} 


Converse with view her 


stores unrolled. 


The first chapter of Genesis, that great 
poem from the pen of the inspired phi- 
losophers, is an abridged volume of geo- 
logic history. 
time so closely parallel the great eras of 
earth history as determined from the 
evidence of the rocks that the old-time 
idea of the conflict between religion and 
science based on an erroneous conception 
of the Biblical 
carded once for all. 

Students of geology can recognize in 
this account the story of evolution which 
parallels that presented in the rocks, 
namely the change of the earth itself 
from the first great void to the present 
arrangement of land and sea, then the 
upward progression of life from the first 
most primitive plants to the simplest 
marine animals, and on to the more com- 
plicated land vertebrates, finally culmi- 
nating in man. 

The story of evolution is succinctly 
outlined in the introductory stanza of 
Carruth’s ‘‘Each in His Own Tongue,”’ 
a poem in which the relation of the 
Creator to the beautiful things of life is 
feelingly portrayed. 


Its seven days or eons of 


account should be dis- 


A Fire-Mist and a planet— 
A erystal and a cell— 
A jelly-fish and a saurian, 
And caves where the cave-men dwell; 
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the face of the eart In preparation, as 
we sometimes boastfully say, for man’s 
cr mi! Oo 

All of these processes re des bed 
under the general term of weathering. 
but perhaps the most far-reaching of 


them is the wind 
of this phase of earth history, tern ed 
‘*physical geology,’’ will start with the 
work of the wind and continue with that 
of the rain, which, sinking into the earth, 
forms the ground water, or running off 


the surface as streams finally 


enters 1ts 


original source, the ocean. In this talk 


only the physical elements and their 


] 


work coneerned in geologic 


history will 
be discussed. 
The 


both constructive and destructive. They 


geologic effect of 


control weather conditions, particularly 
rainfall, 


streams and by solution, 


which in turn through the 
weathers away 
or breaks down the land surface. Winds 
also create ocean waves and currents in 
the sea and thus increase their geologic 
significance both by wearing away the 
rocks at one place and by depositing t 
eroded material elsewhere 


The beneficent west wind, 


warm, moisture-bearing clouds to 

British Isles and making life pleasurable 
there, in a latitude as far north as our 
own Labrador, forms the subject of 


and 


Lord Tennyson’s song of ‘‘Sweet 


Low’’ from ‘‘The Princess.’ 
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Sweet and low, sweet and low, 
Wind of the western sea, 
Low, low, breathe and blow, 
Wind of the western sea! 
Over the rolling waters go, 
Come from the dying moon, and blow, 
Blow him again to me: 
While my little one, while my pretty one, sleeps. 


On the other hand, the work of the 
wind and the destructive forces set free 
by its action are dramatically portrayed 
by Austin Dobson in his ‘‘Song of the 
Sea Wind.’’ Here he graphically de- 
scribes its cutting force on the land, then 
its erosive power along the shore line 
and its explosive ability from air com- 
pressed in the sea caves and finally, in 
the closing stanza, its subsidence and 
reckoning : 


How it sings, sings, sings, 
Blowing sharply from the sea-line, 
With an edge of salt that stings; 
How it laughs aloud, and passes 
As it cuts the close cliff-grasses ; 
How it sings again, and whistles 
As it shakes the stout sea-thistles— 
How it sings! 


How it roars, roars, roars, 
In the iron under-caverns, 
In the hollows of the shores; 
How it roars anew, and thunders, 
As the strong hull splits and sunders: 
And the spent ship, tempest driven, 
On the reef lies rent and riven— 
How it roars! 


How it wails, wails, wails, 
In the tangle of the wreckage, 
In the flapping of the sails; 
How it sobs away, subsiding, 
Like a tired child, after chiding; 
And across the ground-swell rolling, 
You can hear the bell-buoy tolling— 
How it wails! 


In his poem, ‘‘ Winter,’’ Robert Burns 
expresses his appreciation of the raw 
snowy days with their fierce blasts and 
he seems to derive real pleasure from a 
comparison of his own sad fate with 
them. Others of his poems indicate how 
he was influenced by the geologic back- 
ground of his home in the Scottish High- 
lands where the prevailing hard granites 


and other igneous rocks weather into 
countryside with an equally harsh envi 
ronment. 


The wintry west extends his blast, 
And hail and rain does blaw; 
Or the stormy north sends driven forth 
The blinding sleet and snaw: 
Wild-tumbling brown, the burn come down, 
And roars frae bank to brae: 
While bird and beast in covert rest, 
And pass the heartless day. 


Weather conditions brought about by 
the winds often result in rain which, ab- 
sorbed upon reaching the earth, becomes 
ground water. Besides supplying th 
water for human activities and furnish- 
ing moisture for plants, ground water in 
limestone regions works insidiously un 
der the surface, dissolving away th 
rocks, forming caves and otherwise erod- 
ing the land. Rain and ground water 
were poetically appreciated long ago in 
the poem called ‘‘Drinking’’ by the 
great lyric poet. Anacreon, who con- 
eludes his lines with a question sti 
quite timely: 


The thirsty earth soaks up the rain, 
And drinks, and gapes for drink again, 
The plants suck in the earth, and are 
With constant drinking fresh and fair, 
The sea itself—which one would think 
Should have but little need of drink— 
Drinks ten thousand rivers up, 

So filled that they o’erflow the cup. 
The busy sun—and one would guess 
By’s drunken fiery face no less— 
Drinks up the sea, and when he’s done, 
The moon and stars drink up the sun: 
They drink and dance by their own light; 
They drink and revel all the night. 
Nothing in nature’s sober found, 

But an eternal health goes round. 

Fill up the bowl] then, fill it high, 

Fill up the glasses there; for why 
Should every creature drink but I; 
Why, man of morals, tell me why? 


Streams are very lifelike in their ac- 
tions. They go through the various 
phases of life, youth, maturity and old 
age and often exhibit real human emo- 
tions. A youthful stream with few or no 
tributaries will courageously attack th 
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land of its birth. Its life work, the task 
of breaking down the rocks in its course, 
is before it. Upon reaching maturity, it 
is found to have divided into many 
and to have cut the former 
land surface into a series of hills and 
valleys. When old age arrives, even the 
have been eroded and the 
stream, tired from its exertions, no 
nger supports a family of tributaries, 


i 


branches 


hills 


away 


but now meanders sluggishly over the 
low plain it has formed from the high- 
land of its youth. The Colorado, in the 
Grand Canyon, is a vigorous youngster, 


but Tennyson’s ‘‘Brook’’ is a_ baby 
stream with all its childish ways. 
I chatter over stony ways 
In little sharps and trebles; 
I bubble into eddying bays, 
I babble on the pebbles. 
“As old as the hills’’ is an oft- 


repeated simile, but it should read ‘‘as 
old as the streams,’’ for they precede the 
hills and cause their formation. In ma- 
turity, stream erosion is taking its full 
toll of the hills, or as the poet deseribes 
.. 
The hills are shadows, and they flow 
From form to form, and nothing stands; 
They melt like mist, the solid lands 
Like clouds they shape themselves and go. 
In old age the wear and tear of the 
stream’s life is at an end and peace and 
rest are at hand. Robert Burns’ ‘‘Sweet 
Afton’’ is such a stream: 


Flow gently, sweet Afton, among thy green 
braes, 

Flow gently, I’ll sing thee a song in thy praise; 

My Mary’s asleep by thy murmuring stream, 

Flow gently, sweet Afton, disturb not her 
dream. 


The ocean, the ultimate destination of 
old-age streams as well as all other water- 
courses, is their birthplace and final rest- 
ing place. Covering three-quarters of 
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; . , 
the globe, the ocean serves as the great 


stabilizer of climate. The sun’s unfail- 


ing energy has, of course, caused the re 


markable constancy of the ear 


mate these hundreds of millions of years, 


but the ocean, by storing up excess 
warmth and distributing it through eur- 
rents into the higher latitudes, has 


played a large 
perature. 
The more obvious effects of the ocean 


equalizing tem 


part 


are seen in the gnawing action of the 
waves along certain sections of the sea- 
shores and in the depositin; 
places of the eroded material as sand 
and other well-known near-shore 
features. The theme of the 


breaking on a rocky shore is used by 


bars 


waves 


his well 


Tennyson in known poem, 
‘*Break, Break, Break’’: 

Break, break, break, 

On thy cold grey stones, O sea! 


And I would that my tongue could utter 
The thoughts that arise in m« 


Probably the most feeling poem touch- 
ing upon the phenomena of the sea is 
Tennyson’s ‘‘ Crossing the Bar,’’ 
in the latter part of his life, a poem 
which may very well conclude this dis- 


written 


cussion of poetry in rocks. 


Sunset and evening star, 
And one clear call for me! 

And may there be no moaning of the bar, 
When I put out to sea, 

3ut such a tide as moving seems asleep, 
Too full for sound and foam, 

When that which draw 

deep 


from out the boundless 


Turns again home, 
Twilight and evening bell, 
And after that the dark! 


And may there be no sadness of farewell, 
When I embark; 


For tho’ from out bourne of Time and 


our 


Place 
The flocd may bear me far, 
I hope to see my Pilot face to face 
When I have crost the bar. 





EXPLORING FOR PLANTS IN THE 
SOUTHEASTERN STATES 


By Dr. EDGAR T. WHERRY 
ASSOCIATE PROFESSOR OF BOTANY, UNIVERSITY OF PENNSYLVANIA 


ONE of the most pressing tasks of the 
plant geographer is to ascertain as fully 
as practicable the present distribution 
of the various kinds of plants over the 
surface of the earth, before civilized man 
succeeds in destroying all natural habi- 
tats and exterminating their occupants. 
While many manuals and floras give in 
a general way the ranges of such species 
as occur within the areas covered, accu- 
rate distributional data are at hand for 
very few. The lack of such informa- 
tion is especially serious in the case 
of plants endemic to the southeastern 
United States, where there has been so 
little collecting that the range of even 
conspicuous objects like the pitcher- 
plants is but imperfectly reflected by 
specimens in herbaria. I was accord- 
ingly especially glad to be invited by 
Mr. Louis Burk, the well-known Phila- 
delphia horticulturist, to obtain for him 
a complete collection of the species and 
varieties of Sarracenia, in the summer 
of 1932. Not only would such a trip 
make it possible to fill in many gaps in 
the recorded ranges of these plants, but 
also there would be a chance to study in 
the field undescribed ones as to which 
more or less unsatisfactory data were at 
hand. 

Late in June I drove to Washington, 
D. C., and was fortunate in having Mr. 
James E. Benedict, Jr., join me for the 
trip. Continuing southward on U. S. 
Route 1, our first stopping point was 
Raleigh, North Carolina, where we called 
on Professor Bertram W. Wells. He not 
only furnished us information as to 
pitcher-plant localities in the southern 
part of that state, but also showed us a 
tiny meadow not far from the city where 


by good fortune a few pitcher-pla 
still survived the encroachments of agri 
culture. Two species were represent 
the wide-spread yellow pitcher-plant 
(S. flava) and a relative of the side-sad 
pitcher-plant (S. purpurea), which 
especially wished to study. In his ‘‘ Ay 
tikon Botanikon,’’ published in 154 
Rafinesque had pointed out what he 
sidered specific differences between 
northern and southern representatives 
of this species, and had named the s 
ern one 8S. venosa; but his work has b 
ignored by all subsequent students 
these plants. At this locality its asp 
was certainly quite unlike that of 
familiar pitcher-plant of New Engla: 
and the Great Lakes region, and we felt 
disposed to accept Rafinesque’s interp: 
tation of it; but other occurrences se 
in the course of the trip indicated 
two to intergrade too much to be mai 
tained as independent species. Addi- 
tional data as to pitcher-plant localities 
were obtained from Professor Willia: 
C. Coker at Chapel Hill, and we set | 
for central Georgia. At Macon we wer 
joined by Dr. Charles C. Harrold for a 
two-day trip on the coastal plain of t! 
state. 

As we traveled southeast, pitcher- 
plants began to appear in the swamps 
in the vicinity of Swainsboro; these com- 
prised not only the tall and conspicuous 
Sarracenia flava, but also the diminutive 
hooded (S. minor) and parrot pitcher- 
plant (S. psittacina). Michaux had re- 
ported the latter from ‘‘ Augusta, Geor 
gia, to Florida,’’ and, desiring to obt 
roots from as far north as possible 
kept searching for it in one county after 
another, but the most northern colony t 
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The current practise in that region 
of burning the low-growing vegetation 
every year or two causes the Elliottia, 
like many other plants which, when un 
disturbed, have an arborescent habit, to 
send up numerous small shoots from 


their woody unde 


‘ground parts, and 
thus produce shrubby thickets. These 


often become so dense that reproduction 
of the longleat pine and other valuable 


l 


trees is prevented, until another fire de 
stroys the brush to which the preceding 
one gave rise, which has led to the euri- 
ous 1dea held in many cireles that fre 
quent burning is natural and desirable 
No doubt the great pine forests of the 
coastal plain got started in the first 
place when particularly severe fires de 
stroved whatever deciduous climax for 
est formerly occupied the areas; but the 
infrequency of charred rings in stumps 
and of charcoal layers in peat deposits 
shows that before the white man came 
fires occurred only at intervals of many 
years. Unless and until the present fre 
quency of fires shall be reduced to that 
of primeval times by protective measures 
and by education, all but the most vigor 
ous and aggressive of the native plants 
of that region are doomed to extinction 
in the near future, and it seems idle to 
talk about ‘‘reforesting the south.’’ 
Because, then, of the impending disap 
pearance from native habitats of this 
relic of past geologic times, Elliottia, all 
possible efforts to get it into cultivation 
are worth while. With this in view, Mr 
Harry W. Trudell and I had twice be 
fore visited this region and had loeated 
certain of the remaining colonies of the 
tree, in part through directions kindly 
furnished by Dr. Roland M. Harper 
who, I should state at this point, dis 
agrees with me completely as to the fire 
situation Both times we had found but 
a single colony in bloom, the others hav- 
ing been seriously damaged by the fires 
of those vears. On the present trip, how- 
ever, conditions were more favorable: 


} 


not only were two previously known colo 


t Dr. Wallace 


nedy, ot Metter. had cadlscovered 


nies blooming, bu 


there a new one, Whic ad es 
burning for a number of vears an 
proached the normal arborescent 


ot the species 


Pollen was accordingly carrie 
what I can not refrain from termn 
*‘automobee,’* from one locality, 


may be designated A, some 9. mi 


locality Bb. and from the latter 75 


were carefully located DN landn 
and Dr. Harrold planned to retur 
the fall to see it any seed had mat 
He was unfortunately prevented 
doing so by serious illness, so wl 
eurred at locality ( Ss ndetern 
During the winter Dr. Kennedy 


out to locality B. and found that 


{ 


sules had actually formed on the 


linated plants, but by that tim 


hiscence had occurred, and the cont 


had fallen out, so the seed of the sj 


is still unknown to science. Hort 


turists have now become interested, 
ever, and clumps from different co 
have been planted side by side 
erounds of Dr Lee, ln) Macon, al 
Professor De Loach, in Statesboro 
fire can be kept out and the } 
watched closely, SO by another vi 
should know what the seed is lke 
have some from which seedlings ¢: 
erown for cultivation elsewhere 
Another group ol plants on 
data as to geographic range were 
sought on this trip was the pl 
Many of the counties of Georgia 
versed vielded one which, thoug 
ceedingly variable in habit and 
shape, could only be classed 


glaberrima L. In an alder thicket 


; 


La Grange, Troup County, we 


colony of the tallest plants of this 8} 


on record, attaining a height of 175 


Driving south through Webster | 


and watching the roadsides for p 


interest, we suddenly caught a flas 


purple on a plant which looked d 
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After an 
cinity we 


hour’s search in that 


found in a small] 
my which, by a fortunate chance, had 


Here 


stock of the species for Mr. Burk’s 


swamp a 
I been destroyed by eultivation 
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ion was obtained. and although it 
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In any previously seen On invest! Is st 
vation this proved to be Phlox floridana, clump planted t ns 
ch had not been previously reported Jersey w sur 
rth of Thomas County, so that om n the oree) 
nd extended its known range by more — bloom we See | l 
an 100 miles. Other new stations for Another memb 
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the localities draining, burning and 
other destructive activities of civilized 
man have greatly reduced the numbers 
of these plants, but one locality near 
Theodore proved to be still undisturbed. 
See Fig. 2.) Here countless thousands 
of S. sledget and S. drummondnu grew 
together, along with a host of hybrids 
showing every conceivable gradation be 
tween and combination of the characters 
of the two parents. It seems a pity that 
there is no one in the region sufficiently 
interested in conservation to buy up this 
bit of meadow and save it for investiga- 
tion by geneticists and enjoyment by 
nature lovers of the future. 

In April, 1910, while carrying on his 
fascinating studies of the relations be 
tween insects and pitcher-plants, Dr. 
Frank Morton Jones had spent some 
time at Theodore, and had observed in 
one near-by meadow a_ pink-flowered 
form of S. venosa. He had furnished us 
approximate directions as to its location, 
and we soon found what appeared to be 
the rigvht spot. In July, of eourse. 
pitcher-plant petals are withered, but 
we dug a few plants and shipped them 
to Philadelphia in the hope that they 
might bloom in the greenhouse the fol 
lowing spring. This hope has now been 
realized; and it turned out that we had 
struck the right spot. The parts of the 
flower which in most pitcher-plants are 
green or bronzy—the bracts, sepals and 
style-umbrella—are in this one nearly 
white, while the petals have a lovely rose 
eolor, unlike that of any other Sarra 
cena, 

Kew herbarium records existing for 
Mississippi plants, we visited bogs in two 
of the eastern counties of that state, ob- 
taining specimens of several Sarracenias 
and phloxes. Next we went to Havana, 
Alabama, and found the famous colony 
of the hybrid spleenwort (Aspleniwm 
ebenoides )—the only one in which fer- 


tility has been attained—to be in good 
condition. We then ealled on Dr. Ro 
land M. Harper at Tuscaloosa, and ob- 


tained from him directions as to ce) 
Sarracenia localities in the northern 
of this state. Along the Sipsey River 
found a colony of the Allegheny fi 
fern (Trichomanes boscianum 
search for its diminutive relativ 
petersu, was unsuccessful. 

In Chilton County we located a 
of a red-flowered pitcher-plant, bu 
was not in good enough condition 
tablish its identity. We then set out 
the valley of the Little River east 
Fort Payne, where a yellow-flowere 
was reported. In spite of many lv 
search in every conceivable type ot 
tat, we were unsuccessful in findn 
there, but Dr. Harper had fortuna 
observed it, also, near Center. On r 
ing that place we found that, alt] 
recent clearing of the land for ag 
ture and burning over of the swai 
even where no such use was practl 
had nearly exterminated it, a few s! 
clumps had somehow managed to es 
destruction. Both in the field and i 
vreenhouse, where it bloomed the f 
ing spring, this plant showed a nun 
of differences from its nearest relat 
S. flava, and is to be classed as an 
pendent species. 

The mountains of North Carolina 
our next objective, for there grows 
red-flowered pitcher-plant known as & 
racenia jonesn, the distinctness of w 
had only been recognized in 1929 
colonies proved to have been nearly 
stroved by drainage of the swamps 
by the raids of vandals from the 
but enough remained to enable this 
cies to be added to the collection \\ 
it grew some beautifully veined 
cenia venosa. Ordinarily, when 
closely related species or varieties ¢ 
the more southern one tends to gr 
the coastal plain, the more north 
the mountains; in this case, howeve! 
southern representative grows bot 
low and high elevations. We also ! 
hybrids between SN. venosa and 8. J 
as yet undescribed. 
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Britton, we then made an effort to 
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id been reported The roadsides 


vay with another member of the 


. ' _ ‘ 
is—P. carolina L., long mistaken for 
+] : } + 4 ; 
s other species——bdu r” some time 


vere unable to find a single colony 
he one especially sought Final \ 
ever, it turned up in thickets in the 
ty of Willets, Jackson Com ty and 
desired data upon it were obtained 


Leaving the mountains, we next drove 


(Charleston, South Carolina where 
of the specimens 1n the Elliott 
barium, preserved at the Charles 


Museum, were studied, and then 
de for Summerville. How abundant 
‘her-plants formerly were here is 
shown by the splendid photograp] 
Macfarlane’s Monograph on the fam 
in Engler’s ‘‘Pflanzenreich’’: but 
en we reached the spot where this 


| been taken, a verv different sight 


et our eyes. Drainage of the swamps 


} 


nd burning of the woods had destroyed 
ractically everything, and it was only 


fter considerable search that we found 


en a single pitcher-plant in the midst 


1 


' the rank, weedy erass and brush that 


id come in. 


Three species of pit ‘her plants re 


uined to be collected at the northern 
st margin of their range, so that they 
uuld be as hardy as possible. Eastern 


uth Carolina proved, however, to be 
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AWARD OF THE NOBEL PRIZES IN PHYSICS TO PROFESSORS 
HEISENBERG, SCHROEDINGER AND DIRAC 


eranted hree leaders in theore by Pla . 
physics Werner Helsenbe { , . 
) oy vas raed ( 19032 pl ze Tol a Ter } _ eX 
s developmen or quantum mechal Ss ma Les ( 
ne to the discovery of the a rop new Nn ot an 
] ~ ol Vill re ri TI 1933 pl > t\ 1 t ‘ ST 
ded between Erwin Schroedinger, 01 Indeed, the me rie nies . 


erlin. now at Oxford, and P. A. M entirely Consist 


lirac. of Cambridge, England, for 1 and molecular pli its 
form thev have given to the quan nucleus, as ne as the vi ties IN\ 
theory ot 1 atom 13y this award are not comparadbl 1 The ve 
high estimation and the great Im wht: and Ws res ts Ve 1 1 . 
tance ol purels theoretical work for STriction & rar me r peen I i! 
levelopment of modern physics Is In €01 tradict th 1 expr 


uphasized by the Nobel Committe The field thus vere ides 





ch is know! usually to lay specia spect! SCO} ’ S 1) 
ress rather upon the experimental sid between molecules ectrons 
Since the beginnine of this century mystery of chen il forees. The 
mie physics has won more and more even attempts 1 nderstand pi 
nportance. The nuclear model deve if radioactivity 1 ng place ins 
ped Just before the war by Rutherford nucieus The nseq nt exp s 
Bohr created a very suggestive pic the theory led aft many st 
ire of the atom leading to innumerable rather to a Statist 1 1 a 
xperimental discoveries, especially in oneeption f nature lt 
pectroscopy and the study of the re ur previous convict . aw 
tions between atoms nd electrons ture and almost crossed the borders 
idea of the eavy, positively pure science 
irged nucleus. surrounded by nega metaphysics 
vely charged light electrons rotating Professor Heisenbe) » 1S 1 2) 
the planets around the sun, ap- years old, studied wit \rnold So 
vealed to the imagination ol scientists, mertfeld 1 Miu I \lax ) 
nd attracted the interest and ecollabora- Goettingen and Niels B { 
n of most physicists. But after the  penhaget He v s first 
ery intensive work of about ten vears at the aw 2] ! 
became more and more obvious—as half quantum numbers for 1 


as early predicted by Niels Bohr—that natural multip f spe 

is theory was only a preliminary step their Zeeman effect, 1e., their sp 
the study of the atom and that the in a magnetic i nto groups of p 
ws of classical mechanics had to be ized lines. The a of half « ! 


} 


inved when dealine with the minute numbers was so original a} 
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| worth n O 1 st ! 0 
imk HUI } ! ‘ _ 
m mechanics > 
lea of Heisenberg’s n nies 
. nin Copel L stimu I] 

r } ina S ! \ i Ss \ 

1 Was pub Sti Lit \ Ke s 
Crore I neel l ora M 


rs Il Vas ( s l DS ~ 
rhits t ¢ 1) ~ } 
m ro previous bn 
dl cl pe Ss on 
requency and intensit: f spectra vaves 3 
s which ean be served Chis 
vas recognized by Born as ben ve 0 
se connection with 1 Wwe Kl \ 
! symbolism I mathematics . 
s worked out D\ Ol Heisenbet 
Jordan withnu few months to a \Iax S s 
Sis it heory tf spe S \ ! sp ais T ! 
ng an attemp {| The ¢ se} 
rnetls fielk } s \ s 
()y t he orrea S SSS } } 1) 
mechanics was Heisenbere’s ft G s eX 
} f the pi ybler ! ! ! ! ! } 
rons and his scovel du nterfe : su 
sonance ¢ up ne hye yeen cle ‘ 
rons This diseove vives a S ” 
ination for the splitting of the helium — gives the clue f . ! 
S] trum into two—thi para and the the quant S . ! 
-helium spectrum. The application cules wl ne, dl 
is result to the hvd weh mote ! mie I ns 
ere the two identical nuclei play the virtue of e possib )] 
‘ole of the two eleetrons of the heliun vell-known ma s 
tom, led D. M. Dennison in Ann Arbor equation, Schr pel i bi 
the prediction of two allotropie forms road t S n problen 
hydrogen, the para- and the ortho and in a series of | papers 
ydrogen. His surprising prediction § traveled a lon s 
is later experimentally verified by K Many questions in s is the pl 
. Bonhoeffer and P. Harteck in the lem of resonane pline and of t 


‘Kaiser Wilhelm Institut fiir pl 
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THE 


witl ‘ ‘ 7 DOSS . 
l | : 
}) ~ ~~ 1! 
<planatiol sharp nerg } rit 
iwomsS lvel t SEenrosg ne ~ } \ ~ 
’ 
nanics ‘ is as Sitnpit ! sf ! 
~ ! is The eXplana ! \ . 
ed tunes D riven | ( pub 
1 equations ISS l | ) S 
s In Heisenbe s quantum me nie ) S reve n 1) 
s the discrete energy states were abilities. The s 
re exp C1T\ postulated And he sub ‘ Px 
physical eontents of bot] é e) , mol 
ve heen snow! 1) Schroedinge} rrea , Ups \\ 
entical—in spite of their tota reatest Successes mo. 
nT aspects s S 
The third scientist awarded the Nobel — Je showed in ay 
is P. A. M. Dirac. After the  ypoelativistie treatn 
ition received from the work of veals its n : : 
Heisenberg, he built up almost the whole ' 
( ‘fi . . S} 
stem of quantum mechanics, ind ARES e 4 
; beck s 1dea : 
ently of all other investigators e on 
. ele ? na ? 
sing his own mathematical calculus, the ’ 
S1Clé ‘ ( ‘ 
numbers. rhe step by-ste p deve 
> , . ; qu tun ad way . Ilis 
nent of this theorv may still be con p 
: , : ; : er developme! S F 
red as his greatest achievement Not 
. I SU 1 Tantast 1) ! 
vy the consisteney in every one of his 
. 5 : ‘ l 1r'¢ tT @leetT ns rN 
rks has to be admired, but still mor 
; : fe. have doubted it , { } 
eir organic entity The culmination 
: : ’ vondertTul verity hy \, _— 
this semes of articles 1s his famous 


ht-theory, which for the first time 


nnects the radiation process itself in 


nsically with the mechanies of the 


m. His papers contain—apart from 


me more or less special ippheations 


on the one | vl. always i Si 
most all the results of the non-relatiy n th me han ! 1’ 
° siti i} re) e . , 
stic quantum theories which are nowa scatades 
iVS the eommon property ot ti eoretical s sweeping » 


hvysicists. 


The mathematical tool, the q-number = tloughts an s S 
vebra, developed by Dirae in thes cdinger sl VS ( nter! 
rks, makes the reading of his papers between the tw rking most 


re difficult: and his methods hav but broueg closer 1 . ‘ 


ten been the target of attacks becauss HIS artistic spl 
lack of mathematical rigor. Nothing Rup LADI 
fests more strongly the fertility of EUGENE WIGNI 


leas than the fact that it hardly is ON 
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MEMORIAL HALL TOWER FROM THE HARVARD COLLEGE YARD 
THe REGISTRATION HEADQUARTERS AND THE SCIENTIFIC EXHIBITS WILL BE HELD 
MEMORIAL HALL. FEES 
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THE BOSTON MEETING OF THE AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 


Memories of the early vears of the Stat forn Lieut ( 
ition’s history come flooding i Thomas Lind Winthrop. pres 
is as We prepare for this winter’s the Massachusetts Ag tu S 
ston meeting Kor it was in Bosto1 and tf the Ame Anti i} ~ 
ne hundred vears ago that the ciety. and Mr. .Jus Joser ~ 
the assoclation 2 IS present Dane professot t HI \ 
vas first proposed a justice of the S ( 


Dr. John Collins Warren, one of Bos United Stat 
s outstanding citizens and one of the \ ( 


st eminent American sclentific men ol ‘ American As 


i s generation, had attended the sevent] n O 0. 139 Dr W 
ey of the British Association for side ae 
Advancement of Seience held at Britis} Ass ’ ds 
verpool in September, 183% So lm 
I A pl nite?! order 1) ~ 
ssed was he with the advantages 0! ee Rete ' the “ 
meeting of this kind that upon his rv Pp 
l ! celp _ CN ~ 
. , 
rn to Boston in August, 1838, he at \ 
~ t ! d li ~ ij ~ 
ee undertook to form a similar asso 
ike thre nitiatly ! r ormat } 


min Ameriea. 


Cooperating with him toward this end 





ere Governor Edward Everett (later 


resident of Harvard and Secretary of 
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College at Cambridge, in New E) 
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at this time 


stitutions welcoming thre 


s are Harvard University, Massa 
ts Institute of Teel noiogwy, sil 
College, Boston University, Boston 
Northeastern University, Tufts 
Wellesley College and West 


Thus the colleges and univers 





e whole metropolitan area W 
pate as hosts to the visit or men 
though for general convenience 


tion sessions wil! be held 


7 
he lecture rooms at Harvard 
rsit\ and at the \Miassachusetts 
Institute of Technology 
main registration headquarters 
be at Memorial Hall, Harvard U2 
sity, where registration facilities wi 
operation from Tuesday noon, Di 


ber 26, and Wi he Maintainer 





mughnout the week A subsid ar 


cistration desk will be maintained in 


main lobby of the central building 


Massachusetts Inst tute | Teel 
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| Sedewick Memorial Lecture. vive} 
! ‘ splices of the Biolowieal D 
mart ! ( \| sSachusetts Ins it¢ 


I] $91 Bovlston Street, Boston 

» i! \ December 30, in the ittel 
! 1) Hen Fairfield Osborn 
norary president of the board 


f the American Museun 
Natural History, New York, will speal 


mn ** Aristogenesis: the Creative F 


visiting ladies, 1 
cluding visits to Wellesley and Radcliffe 
( eves, Varlous museums, ete 

The Boston area is too well known 
Histori 


{ 


require extended description. 
vy, educationally and by virtue of its 
wraphiec position, it is familiar to 
American scie} 
tists. Itself of great historic interest, its 
proximity to Plymouth, Salem, Lexing 
m and Concord, as well as to other 
places interwoven with early colonial 
and aspirations, make it a center of 
unusual significance to all Americans 
While Boston as a political and ad- 
ministrative unit is a city of approxi 
mately only 800,000 people, the thirty 


cities and towns of the metropolitan 


; 


area, all within a radius of fifteen miles, 


make the real or ‘‘ereater’’ Boston the 


es 


the United States in popu 
ation, with about 2,250,000 people. The 
commercial significance of Boston, based 
upon the essential industries of wool, 


eotton, boots and shoes, machinery, ete 


is well known 


events especially for 
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arbor. eus¢ 1CCeSS } } 
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personnel and student bodies of 
stitutions would in themselves 
¢itv Of many tens of thousands 


Among the places Of interest 
n and Cambridge ma’ be mit 
the Peabody Museum, the Gern 
seum, the Museum of Compan 
v, the Foge Art Museum 
nomical Obse rvatory al cl 


Harvard: the Na 


seum of the \Lassael usetts Inst 


(rardens 
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Technology; the Boston Art M 
Gardner Museum, Boston Pub 
Boston Society of Nat 
House histor 
House, Wat 
Arsenal, Charlestown Navy Ya 
ker Hill, Old South Chureh, P 


brary, 


torv, State 


tions). Old State 
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vere House, ete. An illustrate 


descriptive of Boston and its 
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will be supplied to each registrant 


meeting through the courtes) 

ton Chamber of Commerce 
Respect for the past and 

achievements of our predecess 


necessarv basis for a sound at 


reasoned approach to the probl 


the present and the future But 
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for the past does not imp V stag 
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No better illustration of this 


anywhere be found than in the 


ment of the scientific, cultural an 


eational organizations and inst 
in and about Boston 
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